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PREFACE. 



In preparing a new and revised edition of the Bndimentary 
works of Mr. C. Wye Williams and Mr. T. Symes Prideaux 
Oil Goal and its Combustion, it has been judged advisable to 
. ecmdense these useful treatises, to a considerable extent, by 
omitting tautological and irrelevant matter, thus enhancing the 
'value and utility of the remainder. Mr. C. W. Williams 
has, in his day, done useful work ; if in nothing more than 
Ills persistent enunciation of the cardinal principle that, 
m order to complete the combustion of coal, and prevent 
the formation of smoke, the elements, gas and air, must be 
thoroughly and promptly intermixed. The absolute neces- 
sity of such perfect intermixture is now — thanks to the 
assiduity of that great apostle of smoke-prevention — well 
understood and appreciated. In the work of Mr. T. S. 
Prideaux, which foi**ns*'the second* piaft » o^f this publicatioD, 
the practical value ^6t heated a'r Ixf combustion for the 
attainment of high tempo^*atxir^(^^ is shadowed forth ; and it 
must be acknowledged thartr his previsions of the important 
advantages of the us^ of fce^ed •i'ir iil the manufacture of. 
iron which give th^ k^jmofe to his work, have been 
thoroughly fulfilled in the iron furnace of the present day. 

In the third part of this book, the editor has endeavoured 
succinctly to summarise the more recent results of progress 
in the combustion and economical use of fuels, on the lines 

id down in the treatises of Mr. Williams and Mr. Prideaux. 

> has prefaced the matter with a few chapters on the 



oompositioa and combiiBtioD of varions fnels sow iu 
The results of the combnstios of coal on ordinary grai 
under ordinary boilers, under various conditiosB, are exei 
fied 1 with extended notices of the important series of ex; 
mental trials of steam-boilers with coals, conducted by 
James A, Longridge, at Newcastle-on-Tjne, and by 
Lavington E, Fletcher, at Wigaa. Tho principles 
employment of gas-furnaces — the furnaces of the futuri 
are treated at considerable length, in view of their impi 
tanoe in the practical arts. It is hoped that the reader 
trace the development of the gas-furnace in these pi 
with as much interoat as the editor has experienced 
writing on it. This admirable application of Bcie 
the generation of heat, culminated in that marvel of 
science, — the regenerative furnace of Siemens, 
foruace are happily combined the four elements of i 
— fuel gaaefied, spare heat economised, air heate 
intermixture of the elementa completely effected. The less 
ambitioas furnaces for heating and puddling iron have been 
iUustrated and described with a considerable degree of 
detail ; together with the unique and interesting results of 
Mr. Crampton's applications of powdered fuel. 

D. K. CLARK. 
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ON THE 

COMBUSTION OF COAL AND PRETENTION 

OF SMOKE. 



PKEFACE TO THE FIRST EDITION. 

Being much interested in the improvement of steam-vessels, 
from my connection with several steam navigation com- 
panies, and having had a longer and more extended expe- 
rience in the details of their building and equipping than, 
pefhaps, any individual director of a steam company in the 
kingdom, my attention has been uninterruptedly given to 
the subject since the year 1828, when I first established a 
steam company, and undertook to have the first steam-vessel 
constructed capable of maintaining a commercial intercourse 
across the Irish Channel, during the winter months, and 
which, till then, had been considered impracticable. 

The result of this long experience is the finding, that, 
notwithstanding the improved state to which the construc- 
tion and appointments of the hull and general machinery of 
steam-vessels have arrived, great uncertainty and risk of 
failure still prevail in the me of fuel and the generation of 
steam. 

It is true, the engineer, who undertakes the construction 
of the engines, also undertakes that the boilers shall provide 
a sufficiency of steam to work them ; but what that suffi- 
0mcy means has not been decided ; and, in too many 

B 2 



4 COMBUSTION OP COAL AND SMOKE PHEl^ENTION. 

iuBtances, the absence of some fixed data on the subji 
leaves the evils of a deficiency of steam or a great expeni 
tnro of fael unabated. 

So long as the operations of stcam-TcBsela v 
to conBting or short voyages, the consequences of tbei 
defects in boilers, na regards the quantity of fuel, wore 
mere quastion of pounds, shillings, and pence, 
however, those operations came to be extended to long aes^; 
voyages, these consequences took a more comprehenBiy«i 
range, and involved the more important question, whether^ 
BUeii voyages were practicable or profitable. 

From being so deeply inteiosted in the improvement 
this department 6i atoam navigation, I have watched, with 
no small anxiety, the efforts of the engineers to arrive at 
some degree of certainty m what was admitted, on all bandS) 
to be the moat serious drawback to the successful applicatioij 
of Btcam-veasels to long sea voyages. I perceived 
absence of any well-founded principio in the conati-nction 
the boiler — that the part on which most depended appearet 
least undoratood and least attended to, namely, thofiimaee, 
and that this was too often left to the skill (or want of it) 
working boiler- makers. I saw that, although the great 
operations of combustion carried on in the furnace, with all 
that belongs to the introduction and employment of atmo- 
spheric air, were among the most difficult processes vrithin 
the range of chemiEtry, the absence of sound scientific prin^ 
ciples still continued to prevail ; yet on these must depend; 
the extent or perfection of the combustion in our fmnaces. 

Years wore still passing away, and while every otherf 
department was fast approaching to perfection, all that 
belonged to the combustion of fuel — the production of 
smoke — and the wear and tear of the furnace part of the 
boiler, remained in the same slaliis quo of uncertainty and 
insulficlency ; and even that boilers and their furnaces, 
atructed within the last few years, exhibit still greater 
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PREFACE TO THE FIRST EDITION. O 

violations of chemical trnths, and a greater deparioro from 
the principles on which Nature proceeds. 

In the proper place I will show that, of late years, as 
mnch uncertainty as to the success of a new hoiler has 
prevailed as when I first hegan operations, thirty years ago ; 
and that few boilers, for land or marine engines, exhibit 
more in the way of effecting perfect combustion or economy 
of fuel than those of any former period since the days of 
Watt. 

I do not affect to give any new view of the nature of 
combustion. What I take credit for is, the practical appli- 
cation, on the large scale of the fuiTiace, of those chemical 
truths which are so well known in every laboratory, I also 
take credit for bringing together the scattered facts and 
illustrations of such authorities as bear on the subject before 
us, and so applying them as to enable practical men to 
understand that part which chemistry has to act in the 
construction, arrangements, and working of our boilers and 
furnaces. 

C. W. WILLIAMS. 



CHAPTER I. 



Ih tbo followiug treftUse I do not nndortako to show how Iks 
tmn/.-E from coale ean be burned ; bnt I do undertake to shmr 
how coaU mill/ bs liiiriied idthoul sinoke; and this disimctlos^ 
inTOlvfiB tbo main f|uoatiori of economy of fuel. 

Wbon smoke is once piodncod in a, furnace or fluo, it if 
impoBBible to burn it or convert it to beating purpoaes, as 
would be to convert the smoke issuing from tbo flame of 
candle to the purposes of beat or light. 

When wo Eoe smoke issuing from the flame of an ill- 
ftdjusted common lamp, wo also find the flame itself dull mid 
murky, and tbe beat and bght diminished in quantity. Do 
■we then attempt to hum that smoke / No ; it woald be 
impossible. Again, when we see a well-adjusted Argimd 
lamp burn mthout producing any smoke, wo also see ths 
flame white and clear, and tbe quantity of heat and light. 
increased. In this case, do we say the lamp bm-iis its smokei 
No ; we say tbe lamp bums jcithout smoJ.-e. This is tbe faotj 
and it remains to bo shown why tbe same language may ui 
be apphed to tbe combustion of the same coal and tbe same 
gas, in the furnace, as in the lamp. 

In a treatise purporting to describe the 

the largest quantity of boat from coal, tbo first stop is ar 

inquiry into the varieties of that combustible and its respoc' 

I .^ve constituents. 
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CONSTITUENTS OF COAL. 



The classification of the various kinds of coal, the details 
of an elaborate analysis, made by Mr. Thomas Bichardson, 
with the aid of Professor Liebig, are as follows : — 



Species of Coal. 


Locality. 


Carbon. 


Hydrogen. 


A«ote and 


Ashes. 


SpUnt . . 


Wylam . . 


74-823 


1 

6*180 


5 085 


13-912 


»» 


Glasgow. . 


82-924 


5*491 


10-467 


1-128 


Cannel . . 


Lancashire . 


83-763 


5-660 


8-039 


2-548 


»> 


Edinburgh . 


67-697 


5-406 


12-432 


14-666 


Cherry . . 


Newcastle . 


84-846 


5-048 


8-430 


1-676 


>» • • 


Glasgow. . 


81-204 


5-462 


11-923 


1-421 


Caking . . 


Newcastle . 


87-952 


6-239 


5-416 


1-393 


»» • 


Durham. . 


83-274 


6-171 


9036 


2-619 



The most important feature in reference to this analysis 
is the large proportion of hydrogen which all bitnminons 
coal contains, and which may be estimated at 5^^ per cent.— - 
hydrogen being the main element in the evolved gas, and by 
the combustion of which flame is produced. 

We know, sdmtificallyy that carburetted hydrogen and 
the other compounds of carbon require given quantities of 
atmospheric air to effect their combustion ; yet we adopt no 
means, practically , of ascertaining what quantities are sup- 
plied, and treat them as though no such proportions were 
necessary. We know, scientifically, the relative proportions 
in which the constituents of atmospheric air are combined ; 
yet, practically, we appear wholly indiflferent to the distinct 
nature of these constituents, or their effects in combustion. 
We know, scientifically, that the inflammable gases are 
combustible only in proportion to tbe degree of mixture and 
union which is eflected between them and the oxygen of the 
air; yet, practically, we never trouble our heads as to 
whether we have effected such mixture or not. These and 
many similar illustrations exhibit a reprehensible degree of 
carelessness which can only be corrected by a sounder and 



COMBUSTION OF COAL AND SJiOKE FREVENTION. 



more seientific knowledge of the Bubjeet ; and this can only 
be attained through the aid of eliemiitrij. 

The main constituents of all coal, as we see in tho preced- 
ing table, are carbon and hyilroi/i'ii. 

In the natural state of coal, the hydrogen and carbon 
united and solid. Their respective characters and modes 
entering into combustion are, however, essentially different 
ond to our neglect of this primary distiaction is referable 
much of tiie difliculty and complication which attend the use 
of coal on the large scale of our furnftccs. 

The first leading distinction is, that the bituminous portioi 
is convertible to the purposes of heat in the gaeeous atati 
iiloite ; while the carbonaceous portion, on the contrary, is 
combustible onlg in the solid stale; and, what ia essential to 
bo borne in mind, neither can be consumed whiie theij remain 
iiTiited, 

When heat is first applied to bituminous coal, the qoeflifj 
tion nalurally arises, What becomes of it ? or. What is il 
effect ? 

A charge of fresh coal thrown on a furnaee in an Qciivtt- 
etatc, so fai' from augmenting the general tempera tniO) 
becomes at once an absorbciti of it, and the sonrce of the 
rulatilisation of the bituminous portion of the eoal ; in a 
word, of the generation of the gas. Now, volatilisation is 
the most cooling process of nature, by reason of the quantity 
of heat which is directly converted from the eensihle to tho 
latent state. So long as any of the bituminous constituents 
remain to be evolved from any atom or division of the coal, 
ts solid or carbonaceous part remains black, at a compara- 
tively low temperature, and utterly inoperative as a heating 
body. In other words, the carbonaceous part has 
turn for that heat which is essential to its own combnatioi 
and in its own peculiar way. 

If this bituminous part be not consumed and turned 
account, it would have been bettor had it not exisi 
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CONSTITLENTS OF COAL. ^ 

coal ; as snch heat wonld, in that case, have heen saved and 
become available for the business of the furnace. To this 
circumstance may be attributed the alleged comparatively 
greater heating properties of coke, or anthracite, over bitu- 
minous coal. 

The point next under consideration will be the processes 
incident to the combustion of the gaseous portion of the coal, 
as distinct from the carbonaceous or solid portion. 
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CHAPTER K. 



On the applioation of heat to bitnminoas cod, the first roBolt 
is ite tibsoTption by the coal, and the disongagomont of 
from which flame ia esclnsively derivahlo. 

The constitnents of this gas are hydraijen and carbon ; 
the nuious which alone concern ns hero ore carhtretti 
hydrogen and bi-carlmretteil hydrogen, coramonly called ola-'| 
fiflitlt gas. 

Combiislihllity is not a quality of the combnetible, taken btf 
itself. It is, in the case now before us, the anion of the 
coml/ustible with os?ygen, and which, for this reason, is called 
the "supporter;" neither of which, however, u-heii ti 
alone, can be coDSumcd. 

To effect combustion, then, we tauat have a combustible 
a supporter at combustion. Strictly epeaking, combaatio^ 
means wion ; but it means cJiemkal union. 

Let ns bear in mind that coal gas, whether generated in 
retort or a furnace, is essentially the some. Again, that; 
BtrioUy speaking, it is not inflammable ; as, L;/ itself, it can 
neither produce flame nor permit the continuance of flame in 
other bodies. A lighted taper introduced into a jar of ear- 
burcttect hydrogen (coal gas), so far from inflaming the gag, 
js itself instantly extinguished. Effective combustion, for 
practical purposes, ia, in truth, a quesLiun more as regards. 
the air than the ffus. Besides, we have no control over the 



id 

i 

in 
in 

J 



CASEOUS COMBINATIONS. 11 

gas, as to quantity, after having thrown the coal on the 
furnace, though we can exercise a control over that of the 
air, in all the essentials to perfect comhustion. It is this 
which has done so much for thd perfection of the lamp, and 
may be made equally available for Hie furnace. 

The first step towards effecting the combustion of any gas, 
is the ascertaiping of the quantity of oxygen with which it 
will chemically combine, and the quantity of air required for 
supplying such quantity of oxygen. 

Much of the apparent complexity which exists on this 
head arises from the disproportion between the relative 
volumes, or hulk, of the constituent atoms of the several 
gases, as compared with their respective weights. For 
instance, an atom of hydrogen is double the bulk of an atom 
of carbon vapour ; yet the latter, is six times tJie weight of the 
former. 

Again, an atom of hydrogen is double the bulk of an atom 
of oxygen ; yet the latter is eight times the weight of the 
former. 

So of the constituents of atmospheric air — nitrogen and 
oxygen. An atom of the former is double the bulk of an 
atom of the latter ; yet, in weight, it is as fourteen to eight. 

I have stated that there are two descriptions of hydro- 
carbon gases in the combustion of which we are concerned : 
both beiog generated in the furnace, and even at the same 
time, namely, the carburetted and bi-carburetted hydrogen 
gases, the proportion of the latter in coal gas being estimated 
at about ten per cent. For the sake of simplifying the 
explanation, I will confine myself to the first. 

On analyzing this gas, we find it to consist of two volumes 
of hydrogen and one of carbon vapour ; the gross bulk of 
these three being condensed into the bulk of a single atom of 
hydrogen, that is, into two-fifths of their previous bulk} as 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gas — carburetted hydrogen — ^with its constitu- 
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ents, carbon and hydrogen ; the space enclosed by the lines 
representing the relative size or Volume of each ; and the 
numbers representing their respective weights— hydrogen 
being taken as unity both for volume and weight. 



^^SSr^ 1 Its constituents, 




Carbon "\ 
6 / 



Fi2 l.-Carburctted Hydrogen. 




Its constituents, 




Fig. 2.--Bi-Caibureited Hydrogen. 



Let us now, in the same analytical manner, examine an 
atom of atmospheric air, the other ingredient in combustion. 

Atmospheric air is composed of two atoms of nitrogen and 
one atom of oxygen ; each of the former being double the 
volume of an atom of the latter, while their relative weights 
are as fourteen to eight : the gross volvme of the nitrogen, 
in air, being thus four times that of the oxygen; and in 
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weight, as twenty-eight to eight, as shown in the annexed 
figure 3. 





Fig. 3.— Atmospheric Air. 

In the coal gas we found the constituents condensed into 
t ICO -fifths of their gross hulk: this is not the case with air ; 
an atom of which is the same, hoth as to bulk and weight, as 
the sum of its constituents, as here shown. Thus, we find, 
the oxygen hears a proportion in volume to that of the 
nitrogen, as one to five ; there being but 20 per cent, of 
oxygen in atmospheric air, and 80 per cent, of nitrogen. 

We now proceed to ascertain the separate quantity of 
oxygen required by each of the comtituents (of the gas), so as 
to effect its perfect combustion. 

With respect to this reciprocal saturation, the great 
natural law is, that bodies combine in certain fixed proportions 
only, both in volume and weight. 

On the application of heat, or what may be termed the 
firing or lighting the gas, when duly mixed with air, the 
hydrogen separates itself from its fellow-constituent, the 
carbon, and forms an union with oxygen, the produce of 
which is water. The saturating equivalent of an atom, or 
any other given quantity of hydrogen, is not double the 
volume, as in the case of the carbon, but one-half its volume 
only — the product being aqueous vapour, that is, steam; the 
relative weights of the combining volumes being 1 of hydro- 
gen to 8 of oxygen ; and the bulk, when combined, being 
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two-thirds of the bulk of both taken together, as shown in 
the annexed figure. 




Fig. 4.— Steam. 



Again, the. carbon, on meeting its equivalent of oxygen, 
unites with it, forming carbonic acid gas, composed of one 
atom of carbon (by weight 6), and two atoms of oxygen (by 
weight 16), the latter, in volume, being' double that of the 
former, as in the annexed figure. 




Fig. 5.-- Carbonic Acid. 

No facts in chemistry, therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom of 
oxygen (the fomier being double the bulk of the latter) unite 
in the forn^ation of water ; and, further, that one atom of 
carbon vapour and two atoms of oxygen {the latter being 
double the hulk of tJie former) unite in the formation of car- 
bonic acid gas. 

Having thus ascertained the quantity of oxygen required 
for the saturation and combustion of the two constituents 
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of coal gas, the remaining point to be decided is, tJie 
quantity of air that wHl be required to supply this quantity of 
oxygen. 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears, in volume, to that of 
the air. For, as the oxygen is bnt one-fifth of the bulk of 
the 2ix^ five volumes of the latter will necessarily bo re- 
quired to produce one of the former; and, as we want tico 
volumes of oxygen for each volume of the coal gas, it follows 
that, to obtain those two volumes^ we must provide ten volumes 
of air. 

As the proportion of air required for the combustion 
of the bi'Carburetted hydrogen (olefiant gas) is necessarily 
larger than for the carburetted hydrogen, a diagram of 
each is annexed, showing the volume of air required for 
combustion. 

Carburetted Hydrogen, 



BE70BK COMBUSTIOK. BLBHENTABT MIXTUBB. 

Weight. Atoms. Weight. 

' 1 Carbon . 
1 Hydrogen 
1 Hydrogen 

U Oxygon . 
1 Oxygen . 
1 Oxygen . 
1 Oxygen . 



8 Carburetted 
Hydrogen 



144 Atmospheric 
Air. 




PBODUCTS OP COHBUSTIOX. 

Weight. 
'~~^'22 Carbonic Acid, 
-^^-- 9 Steam. 
9 Steam. 



152 



152 



112 Uncombinod 
Nitrogen. 

152 
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Bi'Carburetted Hydrogen. 



nSFOKB COUBUBTZOK. BLBHBNTABY MIXTUBB. 

Weight. Atoms. Weight. 



r 1 Carbon . 6 
14 Bi-carburottedJ 1 Carbon . 6 
Hydrogen. ^ ^ Hydrogen 1 

1 Hydrogen 1 



1 Oxygon 
1 Oxygen 
1 Oxygen 
1 Oxygen 
1 Oxygen 
1 Oxygen 



216 AtmoBpheric 
Air 




1 12 Nitrogen 168 



PBODUCTS OF OOllBUSTIOir. 

Weight. 



22 Carbonic Acid. 
22 Carbonic Acid. 

9 Steam. 

9 Steam. 



280 



280 



168 Uncombincd 
— — Nitrogoi. 
230 



CHAPTER m. 

ON THE QUANTITY OF AIR HEQUIKED FOR THE COM- 
BTJSTION OF CARBON, AFTER THE GAS HAS BEEN 
GENERATED. 

Hayxng disposed of the qnestion of quantity, as regards the 
supply of air required for the saturation and combustion of 
the gaseous portion of coal, we have now to answer a corre- 
sponding question, with reference to the carbonaceous part 
resting in a solid form on the bars after the gaseous matter 
has been evolved. 

Carbon is susceptible of uniting with oxygen in two pro- 
portions, by which two distinct bodies are formed, possessing 
distinct chemical properties. 

These proportions, in which carbon unites with oxygen, 
form, first, carbonic acid ; second, carbonic oxide. 

Carbonic ociW, we have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxide 
is composed of the same quantity of carbon with but half 
the above quantity of oxygen, as in the annexed figures. 




Oxygen, 8, 

I Carbon, 6, forms Carb. 

_ Acid, 22. 

Oxygen, 8, 



Kg. 6— CailonicAcid. 
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■ Fig. l.—CacboniB Oxide. 

Here we see that carbonic oxide, thoagh containing bnt 
one-half the qaantity of oxygen, is yet of tho same bulk or 
volume na carbonic adil, a circumstance of coHBiderabla 
importance on tbo mere question of draught, and supply of 
air, aa will bo borcftftor ahown. 

Now, tbo combustion of this o.nih, by its conversion into 
the acid, is as distinct an operation as the combustion of the 
carburetted hydrogen, or any other combustible. 

But the most important view of tho question, and one 
which ia little known to practitioners outside tho laboratory, 
is as regards the formation of this oxide ; and thi) 
part of the inquiry which most requires our attention, 

The diyect effect of the union of carbon ami oxygen la tli» 
fonnation of carbonic aeid^ If, however, wo uhstract one of 
its portions oio.ryijen, the remaining proportions would then 
bo those of cai'bonic oxide. It is equally clear, however, 
that if we add a, second portion of carhm to carbonic acid, 
we shall arrive at the same result, namely, the having carbon 
and osygen combined in equal proportions, as we see in 
carbonic oxide. 




i 



By the addition, then, of a uMind proportion of carbon to 
the above, tivo volnmoe of carbonic oxide will be formed—^ 
thus: 




Now, if thase two volumes of carbonic osido cannot 
the oxygen required to complete their satiiraliiiy equivaleuta, 
they pass away necessarily bat half consumed, a circnmstanee 
wbieh is constantly taldng place in all fiimftces where the 
air has to pass through a body of incandescent carbonaceonB 
matter. 

The most prevailing operation of the famace, however, 
and by which the largest qutintity of carbon is lost, in the 
fihape of carbonic o.nile, is thus : — The air, on entering from 
the ashpit, gives out its oxygen to the glowing carbon on 
the bars, and generates much heat in the formation of car- 
bonic acid, This acU, necessarily at a very high tempe- 
rature, passing upwards through the body of incandescent 
solid matter, takes np an additional portion of the carbon, 
and becomes carbonic oxide. 

Thus, by the conversion of one volume of acid into two 
volumes of oride, heat is actually absorbed, while we also 
lose the portion of carbon taken np during such conversion, 
and are deceived by imagining we have " burned the smoke." 

Another important peculiarity of this gas {carbonic oxide) 
is, that, by reason of its already possessing onc-htdf its 
equivalent of oxygen, it inflames at a lower temperature than 
1^0 ordinary coal yas ; the consequence of which is, that the 
', on passing into the flues, is often cooled down below 
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the temperatnre of ignition ; while the former is sufficiently 
heated) even after having reached the top of the chimney) 
and is there ignited on meeting the air. This is the canse 
of the red flame often seen at the tops of chimneys and the 
funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the 
carhon, either of the gas or of the solid mass on the hars, 
passes away in union with oxygen in any other form or pro- 
portion than that of carbonic acid, a commensurate loss of 
heating effect is the result. 
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Hatikg diBposed of the questions regatdmg the quantil 
and qtialitij of the air to be admitted, our next cossideratioiti 
is, the efiectisg Bnch a. mixture eib is required for efToctivei 
eombostion. 

It seems to have been taken for granted, in practice on the 
largo scale, that, if air, by aiiy means, be introduced to " the 
fuel in the furnace," it will, aa a matter of course, mix with 
tho gas, or other combustible, in a proper manner, and assume 
the state suitable for comhustion, whatever be the nature ox 
state of such fuel. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable gas with a due complement of oxygen 
gas, the operation being performed leisurely, due incor- 
poration follows, and no question as to the iidni of Hmt 



In thiB operation the (^nantities are small : both bodies aro I 
gaseoas : there is no disturbing inflaence from the presencs I 
of other matter : the relative quantities of both are in satiir« I 
ating proportions : and above all, are uuail'ected by current | 
or draught. 

But compare this dohberate laboratory operation willi 
what takes place in the furnace. First, the quantities are 
large : secondly, the bodies to be consumed are partly 
gaseous, partly soUd : thirdly, the gases evolved froi 
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coal ni'e port combustible and pai't incombustible : fourthly, { 
they fti'e forced into connection with a largo and often over- 
whelming quantity of the products of combnstion, chiefiy 
carbonic acid : fifthly, the very air introduced is itself | 
deteriorated in passing through the bnrs and incandescent 
fuel on them, and thua deprived of much of its oxygen: 
pixthly, and nbovo all, instead of being allowed a suitable 
time, the whole are humed nway by the current or draught 
in large masses. 

Having consulted Professor Daniell on this subject, hia i 
opinion, here given, is of importance. 

» OPINION. 

"KtHo's Cqllxoe, Slh Avffust, 184D. 
" There can be no doubt that the affinity of hydrogen for 
oxygen under moat circnmstauces is stronger than that of 
carbon. If a misture of two parts of hydrogen and one of 
carbonic (iciil be passed through a red-hot tube, water is 
formed, a portion of charcoal is thrown down, and carbonic 
oxidt: passes over with the excess of hydrogen, 

" With regard to the different forms of hydi'o -carbon, it 

is well kno^vn that the whole of the carbon is never com- 

, bined with oxygen in the processes of detonation or silent 

■^■'flombustion, unless a larye excess of oxygen he present. 

^^^ " For the complete combustion of olo£ant gas, it is neces- 

■ flary to mix the gas with ^ii'^ times its volume of oxygen, 

though three only are consumed. If loss be used, part of the 

carbon escapes combination, and is deposited as a black 

powder. Even anbcarhnretted hydrogen it is necessary to 

mix vrith more than twice its bulk of oxygen, or the same 

precipitation will occur, 

" It is clear, therefore, that t!ie whole of the hydrogen of 
any of these compoands of carbon may be combined with 
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oxygen, 'while a part of their cailion may escape combustioDi 
and that even when enough of osygen is present for ii 
satuiation. 

" That which takes place when the mixture is doaignodly 
made in the most perfect manner most, undoubtedly, ariRO 
in the common processes of combustion, where the mixture 
IB fortuitous luid much loss intimate. Any method of ensur- 
ing the complete combustion of fnel, consisting partly of the 
volatile hydro-carbons, must be founded upon the principle of 
producing an intiviate «ii*a:{urt' with them of utmunpherie iiir, 
in excess, in that part of the furnace to which thoy naturally 
rise. In the common constraction of furnaces this is scarcely 
possible, as the os-ijyen of the air, which passes through th» 
fire bars, is mostly e^-pended upon the solid part of the ignited 
fuel willt which it first comes in contact. 

" J. r. DANIELL. 

■To C. W. Wmiama, Esq., tc. &c." 
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ifessor Danieli, in the opinion just quoted, states the 
true principle on 'which any improvement in our furnaces for 
insnring the complete combustion of bituminous coiil must 
be founded, namely, the producing of an intimate previous 
mixture between the gaseous portion and atmospheric air. 

On this head ■we find many convincing illuatrations of 
'what nature requires, and what a judiciona mode of bringing 
air to the gas can effect, in tho common candle, and in the 
Argond lamp, that I propose examining these two exempli- 
fications of gaseous combinations and combustion, in the 
manner adopted by the best British and continental chemists. 

Mr. Brande observes, " In a common candle, the tallow 
is drawn into the 'wick by capillary attraction, and there 
converted into vapour, which ascends in tho form of a 
conical column, aud has its temperature sufficiently elevated 
to cause it to combine with the oxygen of the surrounding 
iphere, with a temperature equivalent to a wliite huat. 
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Bat this combustiou is s)iperfinal only, the flame beiag a 
thin film of white hot vapour, enclosing an interior portion, 
u-hich cannot bum /or leant of oxygen. It is in conseiiuenee 
of this structure of the flame that we so materially inereaM 
its heat, hy propelling a current of air through it by the 

Dr. Reid ohservee, " The flame of a candle is produced by 
the gas formed around the wick acting upon the osygon of 
the air : tlu- flame i» solely al the ej-tenor portion of the as- 
cending gaa. All without is merely heated air, or the pro- 
daotfl of combustion ; all mthhi is un consumed 
yas, risinij in iu turn to affect (mingle with) 
the oxygen of the air. 

"If a glass tube be introduced within the 
flame of a lamp or candle (aa represented in 
Fig. 10), part of the uuconsumed gas passes 
through it, and may be kindlod as it escapes." 
All authorities agree in the main facts : 
fl,riil, that the dark part in the centre of the 
flame is a body of uncousumed gas ready for 
combustion, and only waiting the preparatory 
Tig. 10.— name of stop — the wii^uiff — the g-elling into cmitatt 
* C''"'^' with the oxygen of the air : secondly, that 

that portion of the gas in which the due 
mixing has been effected, forms bnt a thin film on the otdaule 
of such uuconsumed gas : thirdly, that the products of com- 
bustion form the transparent envelope, which may be per- 
ceived on close inspection : fonrthJy, that the collection of 
gas in the interior of the flame cannot bum there for want of 
oxygen. 

If, then, the unrestricted access of air to this small flame 

is not able, by the laws of diffusion, to form a due mixture 

in lime for ignition, it fortiori, it cannot do so when the 

supply of air ia restricted and that of the gas increased. 

m Di'. Bcid, speaking of the Argand lamp, Fig. XI, obaerv< 
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^at the intensiiy of the heat is augmented by caoBing 
ail to enter in the middle of a ciroulor wick, or Mriet oj • 
jeu, BO that more gas is consumed wiihin a given tpace t 
is the ordinary manner. 

But ^hy IB more gas consnmed within thii given spaet 
Solely because more capability for mistnre is afforded, 
a greater number of accessiblo points of contact obtamedi 
arising out of this series of jets. This may be seen in Figj 
12, -where the inner surfaces, a a, are shown in addition 
the outer ones i li. 




" L' the aperture," he observea, " by which air is admitted 
into the interior of the flame be closed, the flame immediately 
assumes the form shown in Fig. 13 ; part of the supply of 
air being thus cut oS, it extends farther into the air be 
it meets with the osygen necessary for its combustion." 

Here we trace the length of the flame to the diminished 
rate of mixing and combustion, occasioned by tho want of 
iideqnate access, within any given time, between the gas and 
the air, until too /i((i'— until the ascerdong current has 
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carried them beyoud the tomporatore required for chemical 
[tction ; the carbonaceous constitaent theu losing its gaaeotu 
character, nssumiDg its former colour and Btate of a, black 
pulverulent body, and becoming true emoke, 

In looking for a remedy for the evils arising out of the 
hurried state of things which the interior of a fomace 





Fls. U,— Flamt of u Candle. 



Fig. IC— DiffmdoD-jct. 



naturally presents, and observing the meana by which tha' 
gaa ia ofTcctually consumed in the Argand lamp, it seemed 
manifest that, if the gas in the furnace could be presented, 
by means o{ jcU, to aa adequate quantity of air, as it ia in 
the lamp, the result would be the same. The difficulty of 
effecting a similar distribution of the gas in the furnace, by 
means of jets, however, seemed msuTmoustable : one alter- 
itire alone lemained, namely, that, since the gas conld not 
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be introduced by jets into the body of air, the air might be 
introduced by jets into the body of gas. 

This, then, is the means which I adopt, and by which T 
effect a complete combustion of the gases in the furnace, as 
we do in the lamp. 

This process meets the entire difficulties of the case as to 
time, current, temperature, and quantity. By this means 
the process of diffusion is hastened without the injurious 
effect of cooling : and which always takes place when the air 
is introduced by large orifices. 

The difference, then, between the application of air by 
means of the jet, and that of the ordinary action of the 
atmosphere, consists in the increased surface it presents for 
mutual contact in any given unit of time. Let Fig. 14 
represent the section of a candle and Fig. 15 that of a 
diffusion-jet. In the former, the gas in the centre meets 
the air on the exterior. In the latter, the air in the centre, 
issuing into the atmosphere of gas, enlarges its own area 
for contact mechanically, and consequently, its increased 
measure of combustion. 

Thus we see, that the value of the jet arises from the 
circumstance of its creating, /or itself, a larger surface for 
contact, by which a greater number of elementary atoms of 
the combustible and the supporter gain access to each other 
in any given time. 
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I inquiry before na cannot be confined to a mere con 
pariaon of the several descriptiona of boilera, mechanic aUy""" 
considered. The morita on wliich, respectively, they rest 
their claims, must bo examined with reference to other 
data, viz., thoir relation to the perfect combustion of the 
fuel employed — the generating the largest measure of heat 
— and BO applying it as to produ.ce the largest volume of 
ateam. Apart from these considerations, indeed, there is 
little scope for inijuiry. All boilers have their fnmacea 
and grate-bars, on which the fuel is placed ; their fines, or 
tubes through which the flame or gaseous products have to 
pass ; and the chimney by ivhich those prodacta are to bo 
carried awity, and the necessary draught obtamed. 

Hitherto, those who have made boiler-making a separate 
branch of manufacture, have given too much attention to 
mere relative proportions. One class place reliance on 
enlarged grate surface ; another on largo absorbing sar- 
facea ; while a third demand, as the grand panacea, " hoiler- 
room enough," without, however, explaining what that means. 
Among modern treatisea on Boilers, thia principle of room 
enough seems to have absorbed all other considerationa, and^ 
the requisitea, in generai terms, ai'e thus summed up : 

lat. Sufficient amount of internal heating aurface j 
I 2nd. Suf&ciently roomy furnace ; 
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8rd. Sufficient ali-space botweon tho bare ; 

4th. Safficient area in the tubes or flnos ; acd 

5th. Sufficiently large fire-bar surface. 

In simpler terma, thoae amoiiut ta the truism — give anffi- 
cient size to all the parta, and thus avoid being deficient in any. 

So gravely is this question of relative proporlions ii 
on, that iva find many treatises on the use of Coal, imd tha 1 
construction of Boilers, laying down rules with maths* 
maiical precision, giving precise formulio for their caloO'^ 
lationa ; and even nfTectmg to determino the working power 
of a steam-engine, by a mere reference to tho size of the 
fire-grate, and the internal areas and surfaces of the boiler. 
Yet, during this appai'ent search after certainty, omitting 
all inquiry respecting the processea or operations to b« 
carried on within them. 

On a charge of eoa! being thrown into a furnace, the heai 
by which the distillatory, or gas -generating process 
effected, la derived from the remaimmj portion of the prerim 
charge, then in an incandescent atato on tho bars. Thi» 
process corresponds with what takes place in the gas works, 
where the coal inside the retorts is acted on by the incan- 
descent fuel oiitslJe of them. Thia demand for heat in th( 
furnace is, however, confined to the commencement of th( 
operation with each charge. The heat required for continun 
fjtisijicatioii is, or ought to be, obtained chiefly irom lliejliimi 
itself ; as in the case of n candle, where the gasification of 
the tttUow in the wick is derived from the heat of its on-n 
Jlame. This operation shows the importance of sustai 
a Bnfficient body of incandescent fael on tho bars : in par- J 
ticular, when a fresh charge is about to be thrown in. 

With reference to the proportions of the several parts of % 
furnace, wo have two points requiring attention ; first, 
superficial area of the grate, for retaining the solid fuel oxl 
cuke ; and, second, the sectional area of tJte chamber above tA<fi 
fuel, for roceivmg the gaseous portion of tho coal. 
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Ab to the arm of the fjralo-hars, soeiufi that it is a Mlid 
boily that is to be laid on them, requiring no more space 
thiiu it actaally coverB at a given depth, it is alone important 
that it bo iiol loo larye. On the other hand, as to the urea 
of the chamber above the coal, seeing that it is to be occupied 
by a 'jaaeom budij, requiring room for its rapidly enlarging 
volume, it ia important that it be iwt too siitnll. 

As to the best proportion for the grate, this will be the 
easiest of adjustment, as a little observation will soon enable 
the engineer to determine the extent to which ho may 
ittcrease, or diminink, the length uf the furnace. In this 
respect, the great desideratum consists in confining that 
length within such limits that it shall, at all tivies, lie kcU 
and uniformly covered. This is the absohitif condition, and 
line quA non of ectntomy and effieiencij ; yet it is the very con- 
dition which, in praclici', is the most neglected. Indeed, the 
failure and nncertainty which has attended many anxiously 
conducted experiments haa niost frequently arisen from 
the neglect of this one condition. 

If the grato-bars bo not equally and well covered, the air 
will enter in irregular and rapid streama or masses, through 
the uncovered poi-ts, and at the very time when it should be 
there most restricted. Such a state of things at once bids 
defiance to all regulation or control. Now, on the control of 
the supply of air depends all that human ikill can do in effecting 
purfect combustion and economy ; and, until the supply of fuel 
and the quantity on the bars be regulated, it will bo impos- 
sible to control the admission of the air. 

Of the great waste of heat and the consequent reduction 
of temperature in the flues, arising from the single circum- 
atanoe of allowing the incandescent fuel, towards the end of 
the charge, to run too loic, or bo irregularly distributed, the 
experiment of Mr. Kouldsworth, as sboivn in the annexed 
diagram. Fig, IG, is highly iuBtruotive, and merits the most 
ftttentivejc on sid oration. This experiment was made expressly 
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Air ezclnded : 

State of the 
Hues. 



Mach Bmoke f 
Ditto .... 
Ditto .... 
Ditto .... 
Ditto .... 
Darfc Red . . 
Dingy Sed , . 
Dith), no flame 
Ditto .... 
Bark Bed . . 
Dark .... 
Ditto .... 
Ditto .... 
Ditto .... 
Ditto .... 
Dark Bed . . 
Dark .... 
Ditto .... 
Ditto .... 
Ditto .... 
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Air admitted: 

Stale of Iho 

Fine*. 



gB' Ditto, 15 ft. long. 

4 

g- Ditto, 16 feot.' 

g Ditto, 15 feet. 

£ Ditto, 14 feet.; 

£ Ditto, 13 feet. 



g Ditto, 13 feet. 



» Ditto, 15 feot. 
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Hg. le.— Diagraou oltsmperatura In boilst-flue. 
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^K&T the British Association assembled at Manchester, in 

^^ By this diagram, it will be seen that on a charge of 8 cwt. 
of coal being thrown on the furnace, the temperature in the 
flae (as indicated by the pyrometer) rose, in 25 minutes, 
from 750^ to 1220°, when it began to fall, and descended to 
1040°, llif fuel nut having been disturbed durinij 75 miiuitfi. 
At this stage, however, a remarkable change took phce, 
Perceiving the temperature in the flue to have become so 
low, Mr. llou Ids worth had " the /iid lei-elUd," that is, had 
it more equally distributed, and the racant »pace> covered. 
The effect was (as nhown in the diagram) the sudden rise in 
the temperature from 10iO° to 1150°, at which it continued 
during ten minutes, when it gradually fell to S50' 

The upper line of the diagram represents range of tempoi-] 
atnro, air boing admitted. 

The lower line of the same represents rango of temper- 
ature, air being excluded, common pli 

* Ab tto uBo o! the pjTometor u of the Mghefit importance, not 
moroly for BiiHrimeota! purposes, bat for all boilers, and for gonetal 
use, whenercr it can be introduced, the aimple but valuable instrument 
which is used by Mr. Ilouldflworth, nnd by which he obtained the 
above reaults, ia hero given from an interesting paper on " The Con- 
mmption of Fuel and tho Prevontion of Smoke," road before the 
BritiBh AsBociation by William FairbHim, Esq., C.E,, F.R.S. 

" For these cspcrimenta wo are indebted to Mr. Henry Houldsworth, 
of llnncheBtor ; and, hnving been prcsont at aoverol of the experi- i 
meets, 1 can vouch for the accuracy with which Ihoy wore condacted^-l 
and for the very satisfactory and important results deduced thei»>fl 

" In giving an account of Mr. Houldsworth's experiments, it will 
lie necesaary to describe the iiistrument by which they were made, nnd 
also to show the methods adopted for indicating the temperature, and 
the changes which tdco place in the surrounding flues. 

" The apparatus eoosiflte of a simple pyrometer, with a smsll bar of 
copper or iron (« in Fig. 17) Sicd at the extreme end of the boiler, 
and ptcgecting through tho brick-work in front, where it is joined to 
tho arm of an index lever i, t« which it gives motion when it expands - 
or contracts by the heat of tho flue. 
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It is here to be observed that when a charge is nearly 
exhausted, or begins to bum in holes, the evil increases 

" The instroment being thus prepared, and the bar supported by 
iron pegs driven into the side walls of the flue, the lever (which is 
kept tight upon the bar at the point e by means of a small weight over 
the pulley aid) is attached, and motion ensues. The long arm of the 
lever at d gives motion to the sliding rod and pendl /, and by thus 
pressing on the periphery of a slowly revolving cylinder, a line is 




Fig. 17,— Pyromcler. 

inscribed corresponding with the measurements of the long arm of the 
lever, and indicating the variable degrees of temperature by the ex- 
pansion and contraction of the bar. Upon the cylinder is fixed a 
sheet of paper, on which a daily record of the temperature becomes 
inscribed and on which are exhibited the change as well as the 
intensity of heat in the flues at every moment of time. In using this 
instrument it has been usual to fix it at the medium temperature of 
1000®, which, it will be observed, is an assumed degree of the intensity 
of heat,-but a sufficiently near approximation to the actual temperature 
for the purpose of ascertaining the variations which take place in all the 
different stages of combustion consequent upon the acts of charging, stir^ 
ring, and raking the fires," 
ill, Fairbaim then gives two interesting" diagrams exemplifying the 
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tself by the Accelerated rapidity with which the air enlarges 
the orificea it has thus made for its own admission, causing 
a still more rapid comhustion of the fael around tho unco- 
vered parts, and at tho very time when these orifices should, 
have been closed. 
Had it been possible, in Mr. Honlds worth's experiment 

roiult of eiporimonta made by tiio aid of the pyrometer, and 
tinuos ; — 

" On a careful oxaminatioii of tho disfframg, it will bo foimd 
tho ftrst WOB traced without any adioutnre of air except that taken 
througli tho ffrato-bors ; tho other was inscribed with an opening for 
tho mhnission of air through a diffuaiag plate behind tho Iridgc, as 
Tecommondod by Mr, 0. W. WilliamB. The ktter, No. II., preBOOtfl 
vory lUffortmt flgurea ; tho maximum and minimiim points of tempe- 
rature hoing much wider apart in tho one than the other, as also tho 
fluctuations which indicate a mnch higher temperature, reaching as 
high as HOO", and eoldom dcatending lower than 1000°, giving tho 
mean of 11G0°. 

" Now, on comparing No. 11. with No. I,, where no air is admitted, 
it will be found that tho whole of tho tracings oxhibit a descending 
temperature, Beldam rising ahove 1100° and often doacending hulow 
900°, tho mean of which is 97E''. T2iia dcpreaaion indicates a dofectivo 
Btato in the process, and although a greater quantity of coal was con- 
sumed {2000 Ihfl. in 396 minutes in the No. n. experiment, and 
1840 lbs. in 40S minutes in No. I.), yet the disparity is too great when 
the difference of temporaturo and loss of heat are taken into considGra- 
tion. As a further proof of the iroporfBctioofl of No. I. diagram, it is 
only neocBsary to comparB tho quantities of water ovaporatod in each, 
in order to ascertain the dLQerence, where in No. T. experiment 6'Dfi ibs. 
of watra' are evaporated to the pound of coal, and in No. II. ono-hiilf 
more, or 7'7 Iha. is the result. 

" Mr. Houldsworth cstimutca the advantages gwned by tho admis- 
sion of air [when properly rogulatod) at 35 per cent., and when paased 
through a fisod aperture of 43 square inches, at 34 per crait. This is a 
near approximation to the mean of five experiments, which, according 
to the preceding tabic, gives 33^ per cent., which prohably approaches 
aa near the maximum as con he expected under all the changes 
vicissitudes which take place in general practice." 

Here arc practical results from nnoxecptionable quarters, 
although they have been so many years before tho public, nevorth^"' 
less, smoke-burning observations and hot-air fallacies continue to bo 
listened to, and dearly paid for. 
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tho fuel continuoiiBly, and uni/armlif 
Epread, ibrougbout the charge of 100 miuntcs, the diagram 
would have ludicntod a more uniform lino of tempemturei 
as marlced by the ilollcd Hue, and, conaoquontly, have pro* 
(luced a higher average range of heat in the flue. 

It ia true, by mechanical contrivances, by which the fael 
is thinly and conttnaously spread over a large Eurface, tlier» 
would he loBB tendency to the formation of dense Emok6| 
because the quantity of air introduced over that extended 
eniface being so much greater than is chemically required, 
the volume of flame is considerably reduced, and conse-' 
quently the volume of smoke. We must not, howcveTi 
deceive oarselves in this matter. The avoidance of denss 
smoke by these means must be attended 'with the prodno* 
tion of less available flame and heat, relatively with the area 
on which the fuel is spread, from the extended and atten- 
uated temperature in the furnace chamber. 

Havbg spoken of the grate-bar surface, and what is placed 
on it, we have nest to consider the chamber part of tho 
furnace, and what is formed therein. In marine and cylin- 
drical land boilers, this chamber is invariably made too 
shaUoK and loo rcttrUled. 

The proportions allowed are indeed so limited as to give 
it rather the character of a Urge tub,-; whose only function 
should be, the allowing the combustible gases to pass 
through it, rather than that of a chamber, in which a series 
of consecutive chemical processes were to be conducted. 
Such furnaces, by their diminished areas, have also this 
iiijurioua tendency,— that they increose the already too great 
rapidity of the current through them. 

The constructing the furnace chamber bo shallow, and 
with such inadequate capacity, appears to have arisen from 
the idea, that the nearer the body to be heated was brought 
to the source of heat, the greater would he tho quantity 
ived. This ia no doubt true when wo present a body to 
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be heated in front of a fire. When, however, the approt 
of the colder body will have the direct effect of interfcr 
with the processes of nature (as in gaseous combustion) 




arnat roanifeatly be injurious. Absolute contact with fls 
Bhonld be avoided whore the object is to obtain all the I 
which could be prodaoed by the combuation of tie entiri 
the constiUccts of the fuol. 
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So mnch, however, has the supposed value of near 
approach, and even unpact, prevailed, that we find the 
space behind the bridge, frequently made but a few inches 
deep, and bearing the orthodox title of Oie flame-bed, as in 
Fig. 18. Sounder views, however, have shown that it 
shonld have been made capacious, and the impact of the 
flame avoided. . 

As a general rule, deduced from practice, it may be 
stated, that the depth between the bars and the crown of 
the furnace should not be less than two feet six inches where 
the grate is but four feet long; increasing in the same 
ratio where the length is greater : and, secondly, that the 
depth below the bars should not be less, although depth is 
not there so essential either practically or chemically. 




Tlw Coh.—'Weiio there nothing elso requiring attentiOB 
in tbe use of conl, than tho combustion of its fixed ( 
(aB in tho fire-box of a locomotive) nothing further 'would be 
neoGBsary than supplying the air through tho grate-bEtrs 
to the fuel on them. In the use of coal, howovor, ns there 
ia the gas also to be generated and conanmed, any excess of 
air, or its injudicious introduction, though it uiight cot 
aft'ect the combustion of the carbon, must nGcessarily 
interfere with the quantity introduced for tbe use of that 
gas. 

As to the quanlili/ of air chemically required for tho colce, 
or fixed portion of the coal, after the gas has been expelled, 
it has already been shown that every G lbs. of carbon requires 
16 lbs. of oxygen. Now, the volume of atmospheric air which 
contains 16 lbs. of oxygen is estimated at about 900 cubic 
feet, at ordinary temperature. Taking, then, bituminous 
coal as containing 80 per cent, of carbon, we have 1600 lbs. 
of coke (the produce of 20 cwt. of coals) requiring its 
equivalent of oxygen, and which will bo equal to 2'10,000 
cubic feet of air ; since as 6 : 900 : : IG : 240,000. This 
groat quantity of air required for tho exclusive use of tha 
coke on the bars, must, therefore, be passed upwards, fromJ 
the ash-pit, the product being transparent carbonic acid g 
' ef a high temperature. 




ixTiionvcTins of air to pvel. 

In supplying the air to the coke, and to avoid tb« admia-j 
sion of a larger quantity than is legitimately required for U 
own comhuetion, the principal point requiring attention ii 
the preserving of a uniform mid sujficieiit body of fuel 
bar$, ftB noticed in the last chapter. 

The Gaseous Portion. — It has been shown that each cnbio^ 
foot of gaa requires, absolutely, the oxygen of ton cubic feet 
of atmoepbcric air. By the proceeds of the Gas Companies, 
we ieara, that 10,000 cubic feet of gas are produced from 
each ton of bituminous coal : this necesEai'ily requires no less 
than 100,000 cubic feet of air. Adding this to the 240,000 
cubic feet required for the coke, we have a gross volume 
of 340,000 cubic feet as the minimum quantity absolutely 
required for the combustion of each ion of cool, independently 
of that excess which will always be found to pass beyond 
what is chemically required. ■■' 

Bifore a fresh charge of coal is thrown in, there will be, af- 
should be, as already observed, a sufficient body of clear ancl 
highly heated coke remainiDg on the bars. Afltr the charge 
has been made, a largo volume of gRS will be generated ;, 
and, consequently, an equivalent quantity of pure air will be 
required for its combustion. Now, at this stage of tha 
process, and by reason of the mass of fresh fuel thrown iu^ 
the passage of the air through it must then, necessarily, ba 
the most restricted. Thus the smallest quantity of air wooli 
be enabled to gain admission, simultaneously, with tha 
greatest demand for it ; and the largest generation of gaH, 
simultaneously, with the most restricted means of enabling 
the air to obtain access. Were there no other considerations, 
these alone would be sufficient to show the absolute neces- 
sity of proiiiiUiig some other channel for the introduction of 
the air for the gas, and the impossibility of introducing the 
requisite quantity in that direction. 

• The VDlumo 3i0,000 cubic fuot per ton is equivalent to 152 culjiol 
feet par pound of coal.— (Ed.) 
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The introdncing of the required quantity of air will neoes- 
Bttrily depend, first, on tbe area nj tiw orifice through which 
it enters ; and Beoondly, the rdochy at whieh it passea 
through that area. It has heea stated that the aperture for _ 
the admiseion of the reiiaired quantity ehould average from .1 
one-kalj to om square inch for etich square Joot of grate-bar 
Biirface. So entirely disproportioned, however, is the area 
here etated, that it would not supply one-fourth the quantity 
nhiohitely required ; much loss that additional quantity which 
wo have seen must of necessity pass with it. 

ThoTc seems, then, to have heen some serious oversight is M 
making these calculations. Practice and experiment provfl 
that instead of an area of ona square inch, no less than 
from four lo six square inches for each square foot of furnace 
will he required, according to the gas- generative quality of 
tho coal, and the extent of the draught in each particular 



In esatnining tho tables of results supplied by expert' 
mentors, the cause of their error may bo traced to a mistake 
in the estimated velocity of tho heatod gaseous matter 
passing through furnacoa to the chimney shafts. Aa this 
Las, in many instances, been adopted on the supposed 
authority of Dr. Ure, it is right to state, that the error 
appears to have originated in taking what that necurate 
chemist aad esperimeuter bad given, — not as I'racdcal, but 
aa theoretic results. 

Now, suppose a furnace measuring 4 x 2'5 = 10 square 
feet of surface, and with moderate draught, this will bo 
adequate to the combustion of 2 cwt. of coal per hour ; — the 
gas from which will require 10,000 cubic feet of air. To 
supply this quantity, within tho hour, will require the 
followiug relative areas of admisaion, and velocity of current, 
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Velocity of enrrent per Are* of Aportore, in 

wrnnd dI lir BnlBtlng the iqiiiHe inchw, per foot 

fnrnue. ot tarnace. 

If at 6*66 feet per second, will Tequire 6 square inches. 
10 
20 
40 
!om this we see the absol 
practical rate of current o( 



ate necessity of nscerlainiDg 
when cnln'iJig, befoi 
decide on the necessary area for its admission. 
Hitherto no estimate has boon made respectiDg these prO' 
portions on ■which reliance can be placed. 

"With refereuGO to the mode of introducing the air, it is> 
not a little romartahle that many overlook, or even disput* 
the difference in effect, when it la introduced through 
i\iimei-oiis orifices. In illustration, then, of the effect of 
introducing the air in a divided Jorm-, let ua take the case of 
n boiler furnace of modem and approved form, where the air 
enters by a single orifice, and compare it with that shown 
where it enters throngh a. hundred or more orifices. 

In the first example (if the body of air be not too great), 
tlie effect may be favourable, to some extent, in preventing 
the generation of dense smoke. Inasmuch, however, as tha 
quantity of air thus introduced is chemically inadequate to 
the combustion of the gas, much of the latter mast cscnps 
mieonsunud, though not in the form of smoke, but as a light 
coloured vapour. 

The body of air, by passing throngh a single aperture, . 
produces the action of a strong current, and obtabs a 
direction and velocity antagonistic to that lateral woliun of 
its particles which is the very element of difiusiou. In this 
case, passing along the flue, the stream of air pursues its 
own course at the lower level, A, while the heated products 
£11 the upper one at B. It ia here evident, according to the 
laws of motion, that the two forcea, aclimj in tlie same direc- 
iinn, prevent the two bodies impelled hy them (the air and 
the gas) from amalgamating. 
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Now, instead of a eingle aperture, let the air enter throng^ 
hundred or more apertuies, as in Fig. 20. Hero the fore 





and direction of t?w current will be avoided , and the required 
diiliisive action prodaced on passing the bridge. Instead 
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the refrigeratory inflneuce of the air, »s is the first case, 
there will be a sncceasion of igniting atoms, or groops, yth'tiih 
Sir H. Davy calls "oxplosivo mixtures," each producing 
combustion with its high tem- 
perature. These are distinctly 
perceptible from the sight holes 
atH. 

The same resoll'S will follow, 
whether the single orifice or 
the numerous orificesare placed 
at the hndge end, or at the 
rfoorofftfarnace,as in Fig. 21. 
In this case, the diffusion will 
he more immediate and effec- 
tive. 

Of the advantageons effect 
produced by mechanical agency, 
in promoting immediate diffu- 
sion between the air and the 
gas, the following esperiments 
are quite conclusive, 

Let Figures 22, 23, and 2i 
represent each a tin apparatus, 
with its glass chimney, tiimilai' 
to the ordinary Argand burner, 
— the gas is admitted the same 
way in all three — the difference 
to be noted is, in tlie manner in 
ithich the air is admitted. In 
ail these cases, the quantity of 
both gas andair was the same. ^W/OT/TTTTTX \ // ///// 

In Fig. 22, no air is admitted l^^222222.\ Yl^/l//A 
from below ; and the gas, con- "^ 

B^nently, does not meet with any until it reaches the top of 
glass, where it is ignited, producing a dark smoky flame. 
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In Fig. 23, air is admitted from below, find rises throngb 
tbe ori£ce at A, concurrently with the gas at the orifice U. 
On being ignited, one long flame is produced, of a daik 
colour, and ending in a smoky top. 

In Fig. 24, the air is introduced from below, and into the 
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chamber C, C, from which it iseues through a perforated 
plate, like the I'ose of n watering pot; thus producing 
immediate mixture with the gas. On being ignited, a short, 
dear, and briUiant flame was produced, as in the ordinary 
B burner, 
I heating poicers of the flames wore then tested, by 
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placing a veasol of coli water over each. When over 
Fig. 23, it required 14 mjnntes to raise tha water to 200°, 
whereas, over Fig. 24, it reached 200* in 9 minutes. 
Now, the difference of effect produced in those three es- 
s corresponds with what takes place in furnaces and 
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rig. aa.— Oai fimuoo nt Trereray. 

their flues, when the air is excluded, and when it ia admitte 
through a single or through numerous orifices. 

Of the importanoo of mechanical ayeneij, in promoting the 
rapid diffuaion or mLtture of the air and the gas, the modes 
adopted on the continent for rendering the coke gas, or car- 
bonic oxide, available, are conclusive and iimtructivc. 

M. P^clet has given ample detaiJti of the mode of effecting 
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the combustion of this gas (the existence of which has, for a 
long tune, been practically ignored in this country), in the 
manufacture of iron, and even in the puddling furnaces, 
where the most intense heat is required. 

M. Peclet states that the process at Treveray, in France 
(see Figs. 25 and 26), is preferable to that adopted in 
Germany, and for the following reasons, which are quite 
to the point of our present inquiry. 

1st. The air and the gas are better incorporated. 

2nd. The relative quantities of the gas brought into 

contact with the air are more easily regulated. 
8rd. Combustion is effected by the introduction of the 

smallest excess of air. 

In the apparatus, as shown in the section, Fig. 25, 50 jets 
of air issue, each in the centre of 50 jets of the gas (carbonic 
oxide), led from the cupolas of the smelting furnaces. On 
examination of the process here exhibited, the mixing and 
combustion, it will be seen, takes place on the instant^ and 
before the flame and heat enter the chamber of the furnace 
at F. By this arrangement, M. Peclet observes, '< the 
highest temperature that the arts can require is here ob- 
tained.'' 




■ Udch boa been urged on the necessity for regnUting the 
supply of air eotaTuig the furnace, na a means of preventing 
an excesH at one time, or inaulBcient quantity at another. 
The theory ia plausible. Praetico, however, when toetod hy 
the aid of a pyrometer, and on the large scale of the furnace, 
has invariably proved its unsoundness and futility. 

In the report made to the Dublin Steam Company, in 
1842, hy Mr. Joeiah Farkes (the Patentee of the Split- 
bridge), an engineer well qualified for sneh an inquiry, he 
observes: "During the above-named experiments, I made 
numerous essays of the effect produced by shutting off the 
admission of air to the gases, after tho vmbU inflammable 
gasea had ceased to come over, and when the fuel on the 
grate was clear and incandescent. In such cases I always 
found the entire stoppage of air to be followed by diminished 
heat ill the flues, and by diminished evaporation; for at these 
times, carbonic oxide continued to be formed ; a gas which, 
tbough colourless, was converted, by a due mixture of the 
atmospheric air, into flame, possessing, evidently, a high 
intensity of heat, and producing much useful effect. The 
calorific value of this gas is lost ichen the air is ex'ciude^ 
although its nan- combustion is not attended with the ] 
duction of visible smoke." 

Doling these investigations it was ascertained, that ^ 
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Bppfnranc/^ or iwn-appearance of vidbh- smoke waB no testj 
either for or againBt the admiBsion of air — n* lo quantityi 
Mr. Farkes on this head ohsorves : " The conseqneuces of] 
regulating and Taiying tho quantity of air admitted to as ti 
Bait the varying state of the furnace, aa regards the quantit)r' 
of gas given off, also occupied my close attention, 
quite certain that, to effect the perfect conibuBtion of all 
tho combustible gasea produced in a furnace, a large demand 
for air (distinct from the air entering tho grate) ohnii/t 
eriala: also, that by entirely exchuUiKj air, smoko is pro- 
duced, and the heat diniiniahed in all statoa of the Ere. 
Thas, with correctly assigned proportions once ascertained, 
no attention is reqnirad on tho part of the fireman in regu- 
lating the admission of air. On looking tirough the sight 
holes, it was manifest, that, as a stream of either carbnretted 
hydrogen, or carbonic osido gas, was at all times generated 
and passing over ; so there was necessarily a corresponding 
demand for air ; and when supplied, a continuous stream of 
visible flame." 

This is conclasivo on (lie point of regulating the supply 
of air, or shutting it off at any period of a change. 

In addition to this inquiry. Sir Robert Kane (one of the 
highest chemical authorities of the day) was also engaged, 
and made an elaborate investigation and report on the 
subject. 
Repoet to the Diekctoes of the City of Dublin Steam-Fackbt 

COKPANV, 

Gentlemen, — In accordance witli your tequast, that we should pro- 
ceed to examine into the construction and perionnance of Uie STaiino 
Boiler Furnaces erected at your works in Liverpool, uijon the principlo 
of the patent at Sir. Williamfl, wa have to report, that we have care- 
fully inspected the operation of thoso futnacM in their sercml parts, 
and also aome others coostriictod ia a similar manner, upon a largo 
working scale, wHch ere now in actual use in rnrious parts of tho 
town; and that wo have instituted several aerica of experiments and 
ohserrations upon tho temperature produced by thoso furnaces, and 
lliBniannBr in which the fuel is conaumed in them. 
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In deducing; from those eiperimeatB and obBorrationa the concluaioiu 
which will he found embodied in this report, we have taken into care- 
ful aooaidLTatiott tho general themical principles upon whitt coicbuHticni 
iQUflt bo carried on, ao aa to eflbot the ereateHt economy of heat and tho 
fuel ; and wo have esamined how far thoBO prinoiplea are attended to 
in the corwtructioit of the various kinds of furnaces that have been 
proposed for practical uso. 

Tho eonelusion to which wo Imve arrived, and which wo beliovo to 
be ostuhliahed by very deciairo evidence, as well of a, practical as of a 
theoretical kind, may he briefly ezpreSBod as follows : 

Iflt, That, in tho combuation of cools, a largo qoontity of gaseous 
and inflammahlo material is given out, which, in fiimaccs of the ordi- 
nary construction, is, in great measure, lost for heating purposes, and 
l^vea riao tu the great hody of amoko which, in mnnufiioturing towns, 
produces much inoDnvenionco. 

2nd. That the proportion whioh the gBseoita and volatUo portion of 
the fuel beats to that which is //erf, and capable of comploto pombustion 
on a common furnace grate, may be conmdored us eiie-foiirlh, in the 
oaso of ordinary coal. 

3rd. That tho air for tho combustion of this gaseous combustihlo 
material cannot, with advantage, bo introduced either through tho 
intflTrtioM of tio fire bars, or tho door by oponing it. In tho former 
caae, the air is deprived of its oxygen by pasBing through tho solid 
fuel, and Ihtm only Iidps to carry off tho combustible gases, before 
they can bo burned ; and, in the latter case, the air which would enter, 
hy reason of its proportionate mass, would produce a cooling inllaenco, 
and cannot conveniently be mixed so as properly to support tho com- 
bustion of the gases. 

4th. Thnt thi3 combustion of the gaseous materials of tho fuol is host 
accompliahedby introducing, through a number of thin or small orificea, 
the necessary supply of air, so that it may enter in a divided form and 
repidlg mix with tho heated gases ui such proportiona as to oficet their 
complete comboation. 

Sth. That, in burning cola, or when coal has been burned down to 
a tUar rtdfirc, although tho combnation on tho grate may appear to bo 
perfect, and little or no flamo may bu produced, and no smoke what- 
ever made, there may be agrcat anmuiit of uteful heat lost, owing to the 
formation of earbonic oxide, which, not finding a fresh supply of air at 
a proper place, necessarily passes off unbumod, 

flth. That under the common arrangements of boiler furnaces, whoro 
there is intense comboation on \.Yx fire-grate, and but little ia thojf«e«, 
tho diiTorenoos of tomperaturo in and around the various parts (rf tho 
:e greater [ and, conaoqucntly, the boiler ia moat subject t( 
ta uf mic<]Qal tompeiaturoB, On the other hand, whi^ tho ptoo 
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of conibustion is spread through the flues, as well as over the fire-grate, 
the temperature remains most uniform throughout, and the boiler and 
its settings must be least liable to injury. 

7th. That the heat produced by the combustion of the inflammable 
gases and vapours from the fud, in flues or chambers behind the 
bridge, must be considerable, and can bo advantageously applied to 
boilers, the length of which may be commensurate with that of the 
heated flues. 

In further substantiation of these conclusions, we will describe the 
results of our experiments made with the marine boilers fitted up with 
air-apertures on Mr. Williams's plan, in order to determine how far, 
in practice, the scientific principles of combustion may be economically 
carried out. 

EXPERIMENTS WITH COAL. 

EXPE&DCEMT 1. 

When the fire was charged with eoal, and air admitted only in the 
ordinary way (the passage to the air-distributors being closed), the 
entire interior of the flues was filled with a dense black tmoke, which 
poured out from the orifice of the chimney in great quantity, and as 
observed through the sight-holes. The mean temperature of the fines 
in this experiment being found to bo 650°. 

EXPEBDCBNT 2. 

The furnace being charged in the same manner with coal, and the 
supply of air by the dividing apparatus fuUy let on, the smoke in- 
stantly disappeared. Nothing visible passed from the chimney. The 
fines became filled with a clear yellow flame, which wound round at a 
TTiqYinmTTi distanco of thirty feet, and the mean temperature at the 
turn of the flue was found to be 121 1^ 

Hence, the quantity of heat conveyed to the water through the flues 
was nearly doubled by introducing tiie air in this divided manner ; and 
whilst the fuel remained the same, the combustion was rendered per- 
fect, and no smoke produced. 

EZPEBIMBNT 3. 

The furnace being charged with coal exactly as before, the passage 
to the air-apertures was one-half closed. A grey smoke issued from the 
chimney. The flues were occupied by a lurid flame, occasionally, of 
nearly forty feet in length ; the mean temperature of the fiucs being 
found to be 986°. 

Thus, with half the supply of air, a mean condition was obtained 
between the dense black smoke and imperfect combustion of the first 

o2 
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exporiment, and the vivid combustion and perfect absence of smoke of 
the second. 

EXPERIMENTS WITH COKE. 

Having thus tested the circumstances of the combustion of coal, 
under different conditions of the furnace, we next proceeded to ascer- 
tain the exact circumstances of the combustion of eoJce, 

Experiment 4. 

The furnace being fully charged with coke (from the Gtes Works), 
and the air 'aperture closed , so that it burned as in an ordinary furnace, 
the flues were dark, but a bluish-yellow flame extended under the 
boiler to the back, a space of ten feet. The mean temperature of the. 
flue was then found to be 702**. 

The coalf under the same circumstances, having given a mean 
temperature of eSC, a difference of 62°, heating power, was thus shown 
in favour of coke, and which agrees with results obtained by others 
with furnaces of the ordinary construction. 

EXFEBIMENT 5. 

The furnace being again charged with coke, the air-aperture was 
opened one-half. The flues then became occupied with a flame of 
various tints, — blue, yellow, and rose-coloured — produced by the com- 
bustion of carbonic-oxide and various other gaseous products. This 
flame extended through twenty-flve feet. The mean temperature of 
the flue was then found to be 1010". 

Thus, even with coke, the increase of available heating power, pro- 
duced by the admission of air on Mr. Williams's plan, was found to 
be 300", or three-tenths of the entire. 

Experiment 6. 

The furnace being again charged with coke, and the air-aperture 
ftilli/ opened, the flame in the flue shortened to about flfteen feet, and 
the mean temperature of the flue became 852°. 

Hence it appeared, that there had been a larger quantity of air 
admitted in this last case than was necessary for the combustion of the 
gasesfrom the (^oA:^; and hence a cooling effect had been produced, 
such as to neutralise one-half of the advantage which would have 
otherwise been gained. 

It results from these experiments, — 

1st. That the air-aperture of the furnace was sufficient for the 
proper combustion of coals, but was one-half too large for coke, 

2nd. That by the use of the air-apertures, in the case of coals, all 
jsmoke is prevented, and the useful effe^ ^ ^'^ ^nsSL loxuik ioci^eased. 
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Srd. That, even when coke is used, the heating effect is also much 
increased by the admission of air by apertures behind or at the bridge, 
but it required only one-half of the air which is necessary for coal. 
If, however, it be supplied with the quantity best adapted for coal, 
one-half of the advantage is again lost by the cooling power of this 
excess of air. 

4th. Since, in all ordinary cases of practice, fresh fuel is added in 
moderate quantities, at short intervals of time, it was not found neces- 
sary to alter the rate of admission of the air by valves or other 
mechanism. A uniform current, admitting a quantity of air inter- 
mediate to that necessary for coal alone, will abundantly sulBice for 
the perfect combustion of the fuel, and need not require any extra 
attention on the part of the workmen. 

In conclusion, we have to state as our opinion, that the arrangement 
of furnace and admission of distributed air on Mr. Williams's plan, 
fulfils the conditions of complete combustion in the highest degree, as 
far as is compatible with the varieties which exist in the construction 
of boilers, the peculiar character of the coal employed, and the nature of 
the draught ; the formation of smoke is prevented ; and the economy 
of fuel we cannot consider as being less than an average of one-fifth 
of the entire in the case of coke, and of one-third of the entire when 
coal is used. 

We are. Gentlemen, 

Your obedient Servants, 

ROBERT KANE, M.D., M.R.I.A., 
Professor of Natural Philosophy to the Royal Dublin Society, and 
Professor of Chemistry to the Apothecaries' Hall of Ireland, 

R. H. BRETT, Ph.D., F.L.S., 

Professor of Chemistry to the Liverpool Collegiate Institution, 

The inference from these chemical investigations is, that 
there is no interval from the beginning to the end of a charge, 
wJwn there is not a large body of combustible gas generated in 
the furnace, and a large supply of atmospheric air required. 

The advocates of self-acting valves have overlooked the 
chemical fact, that as soon as the coal gas (carburettod 
hydrogen) ceases to be evolved, the fuel on the bars would 
then be in an incandescent state, and precisely in the con- 
dition to furnish a copious generation of the other gas — the 
coke gas, or carbonic oxide ; but which had not hitherto been 
noticed by any writer in connection with boiler furnaces. 
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Now, as this latter gas reqaires (for eqnal volames) one-half 
the quantity of air of the former, it is equally necessary that 
such bo supplied, or the heating power of carbon would be 
lost. The characteristics of this gas have already been 
given. 

With reference to the progressive rate of generation of 
the gas in a furnace, and the consequent demand for atmo- 
spheric air, the length of the flame (when the air is properly 
supplied) furnishes the best evidence. The following tabular 
view of the result of numerous accurate experiments, made 
many years back, and expressly to ascertain the rate of 
evolution of the gases, throughout a charge of 40 minutes' 
duration, is conclusive : — 



Time. rj 


Thermomeirio 


Length of' 


?cmpcratare in Hues. Fl 


lame in Feet. 


Charge mado . 


466 . . . 


10 


2 minutos . 




462 


14 


4 „ . . 




490 


18 


6 „ . . 




508 . • , 


22 


8 „ . . 




518 


26 


10 „ . , 




624 


26 


12 „ . . 




628 


28 


14 „ . . 




634 


28 


16 „ . . 




640 


28 


18 „ . . 




640 


28 


20 „ 




640 


26 


22 




636 


24 


24 „ 




624 


24 


26 „ 




508 


22 


28 „ 




494 


22 


30 „ 




486 


18 


32 „ 




476 


22 


34 „ 




468 


14 


36 „ 




464 


14 


38 „ 




460 


12 


40 „ 




460 


10* 



* Tlio bulb of the thermometer was here inserted in the flue, so far 
as to prevent the mercury rising above 600"* — the highest range we 
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We here see, that so far from the quantity of gas generated 
bemg greatest at first, and ceasing when the charge was one- 
half exhausted, it is just the reverse. In fact, any one who 
has observed the indications of the pyrometer in the flue, 
and has looked into a furnace in action, mtist have observed 
that, there being much coal in the moisture to be evaporated, 
it required a considerable time before the full supply of gas 
was being generated, and the temperature in the flue had 
risen to the maximum. Further, that when the first half of 
the charge was exhausted, the greatest quantity of gas was 
then momentarily evolved — the longest flame existing in the 
flue — and the highest temperature indicated by the pyro- 
meter; consequently, the fullest supply of air was then 
required. 

The following experiment is also in point here : This was 
made with a larger charge of coal, and during GO minutes 
(the bars being kept well covered), the object being to 
ascertain the relative quantity of each kind of gas evolved ; 
and thus form a guide to the quantity of air required, at the 
several intervals, from the beginning to the end of a charge. 
[The observations were taken from two sight apertures : one 
at the back end of the boiler, and the other at the front, 
looking into the flue.] When the supply of carburetted 
hydrogen gas was nearly exhausted, the distinct flames, and 
their two distinct colours and characteristics, might clearly 
be distinguished. The following Table will present a view 
of the relative quantities of the two gases (carbonic acid 
and carbonic oxide, or coke gas) produced during the 
progress : — 



Bco being 540° — when the charge was half exi^ended. The absolute 
heat in the flue was, however, considerably higher, as ascertained by 
the melting points of a series of metallic aUoys, prepared by Sir 
Eobert Kane, expressly for the purpose. By these, inserted in the 
iflue, it was found that the absolute heat escaping at the foot of the 
funnel, was at least 760\ 
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Time in minnteiB. 






Coal Gas. 






Coke Gas. 


Total lengtii of 
Flame in feet. 


Charge of coal . . none 


. . . 10 . . 


. . 10 


5 minutes . . 




. 10 . 






, none . . 


. 10 


10 „ 






14 . 




4 


none . . 


. . 14 


15 „ 








18 . 




< 


none . . 


. . 18 


20 „ 








22 . 




» « 


none . . 


. . 22 


25 „ 








22 . 




« 


none . . 


. 22 


30 „ . 








18 . 




« 


none . . 


. 18 


35 ,, 








14 . 




1 


none . . 


. . 14 


40 ,, 








. 10 




1 4 


4 . . 


. . 14 


45 „ 








5 




» 4 


8 . . 


. 13 


50 „ 








none 




* 


12 . . 


. . 12 


55 „ 








, none 




• 


. 10 . . 


. . 10 


60 „ 








none 


K 1 




10 . . 


. . 10 



Here, column 4 may be taken as indicating the gross 
quantities of combustible gases evolved, and requiring a 
supply of air. In numerous other furnaces, in Tvhich the 
air was properly introduced, and the fuel properly covering 
the bars, the flame was seen during a large portion of an 
hour*s charge, extending along the side flues from twenty to 
thirty feet. The quantity of the coke gas will be in propor- 
tion to the thickness or body of the fuel, and its state of 
incandescence. 

With the view of accommodating the supply of fuel to 
the demand for air, the best practical mode is the eqiialidng 
of the quantity of gas requiring such supply. This was done 
effectually thirty years back, by arranging the furnaces so 
that each pair shall be connected with one common flue. 
This arrangement, for alternate flring, adopted among others 
in the steamer Boyal William (as hereafter shown), is every 
way satisfactory. A similar arrangement has been intro- 
duced in Her Majesty's steamers Herines, Spitfire, and 
Firefly, as described in Tredgold's work ; nothing, however, 
is there shown as to the means for introducing the air, and, 
consequently, the value of this flue arrangement is lost. 

Fig. 27, taken from Peclet's work, shows a similar mode 
adopted in France, for equalising the supply and demand of 
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gas and air. It will be manifest that, assaming the fur- 
naces to be charged alternately, the quantity of gas behind 
the bridge vnill be the mean of that generated in both 
farnaces. 

Another and a very effectual mode of equalising the 



yff^ 
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Fig. 27.— Equalising the supplies of gas and air. 

supply of gas, and thus practically equalising the supply of 
air, is by charging the furnace-grate alternately, y?rs^ on the 
one side, and then on the other. Where the furnace is wide 
enough, this is very effective. 
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OP THE PLACE BIOST yUITABLE FOR INTrtODTTCINGf \ 
THE AIR TO THE GAS IN A FURNAOE. 

, plan adopted by Mr. Parkcs of introducing tlio t 
tlirongh what is CQlIcd iho split hnd'je, ns boroafter nhown,' 
appeara to have boon among tbo first which rocognisoil tbo 
providing a separate siijii-ly of air to tho fnruaco gnsos, 
indopcndcntly of that which passed through the fue! on tha 
bars. ■ 

This plan was Enfficiontly cffoctivo, when eombined witli'l 
tho systcta of Email furnaces, with small charges of conl ; or 
largo fnmaccs when charged heavily, with sufEciont fnol for 
many hours' consnmption, producing a uniform generation 
of gas daring a long interval, and hy the moans of slow 
combustion. The issuo of tho air through the narrow 
orifice in tho top of the bridge was, howovor, found to ba 
unsuitod to tho largo furnaces, with quick combustion and 
heavy charges iacidontal to tho boilers used in steam- 
vessols. It was also liable to bo occasionally obstructed by 
tho stronger current of heated products crossing tho aper- 
ture, in tho same way as tho ascent of smoke from a houae- 
chimuey is obstructed by a strong wind sweeping across it. 
Numerous modifications of this plan were adopted in steam- 
vessels, tbo most important of which will hereafter be gi 
with tho view of explaining tbc several causes of I 
failure, and which it is often as important to know as thofl 
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The arraDgemont sabseqneiftly adopted in several vessels 
of the Dublin Steam Company admitted the air through 
numerous apertures, and in a divided state. This mode 
was always efifective when the draught was sufficient for the 
double supply of air, to the fuel in the bars, and the gas in 
the furnace chamber. The difference which attended its ap- 
plication was often considerable, and arose from the want of 
draught, or from the perverse adherence to the old and lazy 
method of charging the front half of the furnaces heavily, 
even to the doors, while leaving much of the bridge-end but 
thinly covered, as hereafter will be shown. Such a mode of 
charging the furnaces necessarily caused an irregular com- 
bustion of the fuel, and a consequent excessive admission of 
air, counteracting all efforts at appropriating separate sup- 
plies to the coke and the gas. 

The introducing of the air to land boilers, in numerous 
films, or divided portions, was first practically adopted in 
1841, at numerous furnaces in Manchester, and at the 
water- works in Liverpool, and at the stationary engine of 
the Liverpool and Manchester Eailway, under the direction 
of the engineer, Mr. John Dewrance. That at the water- 
works, with a shaft of 150 feet high, had previously caused 
an intolerable nuisance ; both, however, have since remained 
unnoticed and forgotten, even by the authorities in Liver* 
pool, apparently from the mere circumstance of the nuisance 
having been efifectually abated, and attention being no longer 
drawn to it. 

With reference to the place for the admission of the air, 
it is here stated, advisedly and after much experience, that 
it is a matter of pei'fect indifference as to effect, in what part 
of the furnace or flue it is introduced, provided this all- 
important condition be attended to, namely, that the mecha- 
nical mixture of the air and gas he continuously effected^ 
before the temperature of the carbon of the gas [then in the 
$tate of flame) be reduced beloio that of ignition. This tern* 
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peratnro, ftccordiog to Sir Hlimpbry Davy, should cot ll 
imder 800° Fahr., since, below that, flame cannot be pr( 
dnced or sastained. In practice, the air has been introduce 
at all p,irts nj the furnace, end irilh cqmUij good effect. I 
ndmigeion through a plate- distributor, at the back of tl 
bridge and at the door cud, effected all that could ] 
desired. 

The adoption during the last few years of the UihA 
ii/stem iu marine boilers, is now to bo noticod, inasmuch ] 
it rendered a different arrangement absolutely necessary. 



Pb 




Fig. SS,-Ai 



Ute chief characteristic of tlie tubular boiler ig the short 
of the distance, or rnti, between the furnace and thl^ 
tubes. The result is, the impossibility of effecting the triple 
duty of generating the gas, mixmg it with the air, and com- 
pleting the combustion within the few feel, and tho fracliou nj 
a second of time, which are there available. To obtain the 
desired effect the air was then introduced at the dour-end of 
the furnace; thus, as it were, adding the length of the 
furnace to the length of the run. 

The main object being the introducing of tho air in a 
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divided state to the gaseous atmoBphere of tLe fumae*: 
chamber, the following exporimect was made : The centre 
bar of a boiler, four foot long, was taken out, and over th» 
vacant space an iron plate was introdaced, bent iu the furn^ 
OS shown in Fig. 28. 

Here, the upper portion of the bent plate, projectmg; 
three inches above tbo fnel, was punched with five rows of 
half-inch holes, through which the air issued in 66 streams. 
Adequate mixture was thus instantly obtained, as in thai 
Argand gas-bnmer ; the appear- 
ance, as viewed througb the 
sight-holes at the end of the 
boilers, bciiig oven brilliant, and 
aa if slreamg of flame, instead of 
slrcams of air, had issued from 
the nnmerons orifices. It is 
needless to add, that nowhero 
could a cooling effect be pro- 
duced, notwithstanding the great 
volume of air so introduced. 

The sectional view of the fur- 
nace, looked at from behind, as 
in Fig. 29, represents the cha- 
racter and diffusivo action of the 
flame. 

This led to the enlarging of the door-ead of the furnaces 
Bufiicieiitly to admit the required number of apertures and 
full supply of air ; an arrangement which has been fer years 
in suocesaful operation, both in marine and Jand boilers. 

On looking into the flues of laud boilers, through suitably 
placed sight-hoies, when the furnace is in full action, nume- 
rons briUiant sparks may be seen, carried through the flues 
with great rapidity, to the distance of tcu to twenty feet 
before their iuminous character is lost, and they become 
deposited in the tubes, or Sues, or wherever eddies are 
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formed. These sparks consist, chiefly, of particles of sand 
in a state of fusion. When these do not thns separate from 
the coal, ihey fall on the bars, and, combining with the 
ashes, form clinkers. These particles of sand, flying ofif at 
a high temperature, adhere to whatever they touch ; and, 
with the dust, and small particles of cinders or coke, carried 
onward by the current, flU up the orifices in the air-distri- 
butor boxes, and, if not removed, prevent the passage of the 
required quantity of air. 



CHAPTEE IX. 

OF VARIOUS FURNACE ARRANGEMENTS, WITH 
OBSERVATIONS THEREON. 

The following remarks on the peculiarities of the several 
plans of furnaces here shown, are the results of practical 
observations extended over a series of years, and may here 
be useful, as indicating what should be avoided, as well as 
provided, respecting the admission of air : — 

Fig. 80 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1839 ; introducing the 
air in numerous jets. This was applicable to land boilers, 
where ample space was afforded for the perforated tubes, 
made of fire-clay, or cast-iron ; and was first adopted at the 
water-works in Liverpool. In this application the incon- 
venience arising from the sand and other matters in an 
incandescent state, adhering to and closing the orifices, was 
considerable. The plan, clearly described by Dr. Ure, as 
follows, was then substituted, and continued in active opera- 
tion at those works. 

** Among the fifty several inventions which have been 
patented for effecting this purpose, with regard to steam- 
boiler and other largo furnaces, very few are sufficiently 
economical or effective. The first person who investigated 
this subject in a truly philosophical manner was Mr. Charles 
Wye Williams, managing director of the Dublin and Liver- 
pool Steam Navigation Company, and he has also had the 
merit of constructing many furnaces, both for marine and 
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land ateam-eng we which thoroaghly prevent the prodactior 
of Bmoke, with lacreaBod energy of combaetion, and a more 




or less oonsiderable saving of fuel, according to the care ol 
the stoker. The specific invention, for which he obtained a 
-patent in 1889, coneiets in the introdaofion of a propei 



rnttHACB ABRANOEHENTS. 



65 



qnuttity of atmospheric aii to the bridges and flame-bedB of 
the farmLceB through n great number of gmaU orifices, eon- 
neoted with a common pipe or canal, whose uea can be 
mcreased or diminished, according as the dicnmBtances of 
complete combustion may require, hj moans of an extemal 
valve. The operation of air thns entering in smaU jets into 
the faalf-bomed hydro-carboretted gases over ike fires, and tit 
the first fine, is their perfect oxygenation — the development 




Zig. 81.— Aieand Furnace. 



of all the heat which that can produce, and the entire pre- 
vention of smoke. One of the many ingenious methods la 
which Mr. Williams has carried oat tfie principles of what he 
jnstly calls his Argand furnace, is represented at Fig. 81, 
where a is the ash-pit of a steam-boiler fnmace ; A ia the 
mouth of s tube which admits the external air into the 
chamber, or iron box of distribution e, placed immediately 
beyond the fire-bridge g, and before the diffusion, or mixing 
chamber/. The front box is perforated either tvith round or 
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oblong orijices, as shown in the two small figures e e beneath ; 
d is the fire-door, which may have its fire-brick lining also 
perforated. In some cases the fire-door projects in front, 
and it, as well as the sides and arched top of the fire-place, 




Fig. 82.— Ordinary Marine Furnace. 

are constructed of perforated fire tiles, enclosed in common 
brickwork, with an intermediate space, into which the air 
may bo admitted in regulated quantity through a movable 
valve in the door. I have seen a fire-place of this latter 
construction performing admirably, without smoke, with an 




Fig. 88.— Parkes' Split Bridge. 

economy of one-seventh of the coals formerly consumed in 
producing a like amount of steam from an ordinary furnace.*' 

The following are principally connected with marine 
boilers : — 

Fig. 82 represents the ordinary marine furnace. No pro- 



PTJBKACE AKKAKOEMEKTS. 



67 



vision whatever is here made for the admission of air, 
except from the ash-pit, and through the hars, and fuel on 
them. It is needless to add, that, from the absence of air 
to the gas, a large volume of smoke mast here necessarily be 
prodaced. 

Fig. 88. Parkes' Split Bridge. This plan, patented in 
1820, was effective when the consumption of coal and the 
generation of gas were small and uniform; or when the 
furnace was large, and heavily charged, to last for six or 
eight hours, with slow combustion. The generation of the 
gas being uniform, and the demand for air moderate, the 
supply through the narrow orifice in the bridge was suffi- 




Kg. 34.— SpUt Bridge modified. 

cient. This plan has formed the basis of several re-inven* 
tions; the patentees either not being aware of it, or not 
acknowledging the source of the effect for which they took 
credit. 

Fig. 34. This adaptation of the split bridge in marine 
boilers was early made, by the then Engineer of the Dublin 
Steam Company, to avoid the collection of ashes in the 
lower shelf of the air orifice, by which the passage of the 
air was obstructed. The furnaces being charged at short 
intervals, and the combustion rapid, the supply of air was 
insufficient. The aperture at the top of the bridge was 
liable to be choked VTith ashes and small coals, occasionally 
thrown over. 
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Fig. 85. This change was not foand effective. The 
second opening for the admission of air, at the end of the 
bars, was quite irregular in its action. It was also found to 
interfere with the action in the split bridge ; the air pre- 
ferring, at certain states of the fuel, to enter by the open 




rig. S6.— Split Bridge and Air at tho Orate. 

space at the end of the bars, as the nearest and hottest 
course, whenever that place was uncovered. 

Fig. 86. This was adopted in a steamer of large power, 
and was intended to remedy the evil as stated in tho last 
figure. Tho aperture being made larger, the air entered 




^^^--^^ 



Fig. C6.— Air at the Bridge. 



too much in a mass, and produced a cooling effect ; and 
much fuel was also wasted by falling through into the ash- 
pit. This was subsequently altered to the plan hereafter 
shown in Fig. 41 ; the bars being reduced from 7 feet 
6 inches, to 6 feet, and with good effect. 
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Fig. 87. This arrangement remedied that of the pre- 
ceding, by saving the fuel thrown to the end ; and which, 
&Iling on the small supplemental grate, was there con- 
samed. In practice, however, it was less effective as to 
generating steam, and irregular in its action, and was very 
destructive of the bars. 




Fig. 37,— Air at the Bridge, and small Grate. 

Fig. 38. This plan, adopted in 1840, was one of the first 
applied to marine boilers, on the principle of the Argand 
furnace, by which the air was made to enter in divided 
streams, through the apertures in an eight-inch tube, from 
behind the boiler. This plan was fully effective so long as 




Fig. 38.— Argand Furnace. 



the perforations in the tube remained open. The small 
orifices, each but a quarter of an inch, however, becoming 
covered, and closed by the sand and ashes, the supply of air 
was consequently diminished, and the tube became heated 
and destroyed. 
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Fig. 89. This plan, adopted in the steamer, the ** Leeds,'' 
was very efifective so long as the inclined plate and its 
numerous orifices remained perfect. As, however, it also 
hecame clogged, or covered with coal, thrown over during 
charging, it warped, and hecame injured. 




Fig. 80.— Aiffand Fumaoc. 

Fig. 40. This alteration was made in the same hoiler, to 
counteract the evil above-mentioned. The bars were short- 
ened from 6 feet to 4 feet 6 inches. The air was here 
introduced through a plate pierced with half-inch holes. 
This was quite successful: ignition and combustion were 




Fig. 40.— Argand Furnace. 

complete ; no smoke formed, and the diminished combustion 
of fuel was considerable. The box, however, set in the 
bridge, was too small, and therefore liable to become filled 
by the ashes^^carried in by the current from the •*'*: 
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Knd ihe etokere negleotiag to keep the ui-apertorea freO) 
there waa no dependence on its action. 

Fig. il. This arrangement, which remedied the above 
defeobi, waa adopted in the steamer, the " PrinceM," and 




also in the " Oriental " and " Hindostan," employed in the 
Mail service in the Mediterranean. Perfect combustion of 
the gaB was effected, and, consequently, no formation of 
smoke. The nnmerons orifices are here removed from the 
direct action of the heat, oi the liability to be choked. Ihe 




Fig. ii— Argonfl Fiimace. 

regulating valve, originally placed on the apertnros, to 
regnlate the supply, was, after a little experience, found 
to be nnneccBsary, and was removed. This plan has 
become, practically, the most efTective, and, during the 
ten years, has been adopted in nnmerons marine and 




of dust, nnd fo enable tho air to enter in n cooler atoto. 
This was found efl'cctivo aa regarded combustion, but, being 
Btill exposed to tLo sand, dust, and heat, aa already men- 
tioned, was Bubsequently altered to that of Fig. 41. 




Fig. i3. This was a tubular boiler, and is here shown ta 
it came from the maker in 184C. It was quite inel 
giving much smoke, the tubes also being liable to injury bj^* 
tho shortnesa of the ma. The ak-box in the bridge ww 
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soon filled with dost and ashes, as here shown. The grate* 
bar being 6 feet 10 inches long, the flame necessarily reached 
the tubes, doing much injury to the lower tiers. This was 
altered, as shown in Fig. 44. 




Fig. 45.— Common Furnace. 

Fig. 44. This is the same boiler, the furnace alteration 
being attended with considerable advantage. The bars were 
shortened from 6 feet 10 inches, to 5 feet 3 inches. The 
defect of the short run, and the limited time for combustion. 




Fig. 46.— Air-box at Bridge. 



ncident to tubular boilers, was, however, irremediable. The 

change in the length of the bars alluded to, reduced the 

eonstunption of coal considerably ; smoke was, to a certain 

•^voided, and the amount of steam iiicrea.a^d* Itl 

E 
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this boiler there were 206 tubes of Sl^noh area. Engine 
190 horse-power. 
Fig. 46. This was a large steamer of 850 horse-powei 




■with tubular boilers. The plan of furnace here ehoi 
represents it as it came from the maker. Three lengths 
bars, 2 feet 8 inches each, Jilled the entire apace, leaving ; 
room for the admission of air to the gas, The oon<wn.T«. 
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B, a great oonanmption of fael ; a gnat gosetatum of 
oke ; and muob inoonTenienoe and expense, from the 
strnction of the tnbes and fooe-plate. 




Fig. 46. This is the same boUor. The bars having been 
lortened, the air-box was introdnced into the bridge. Not- 
ithfltanding (he evils of the flhort run, the change hers 
ade Tvas satisfactory. The importance of keeping the 

£2 
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air-passagQ frea from obstruction was exemplified in this 
case. The air-box was introduced in the after-hoiUr, leaving 
the /oa--/ioj7',T as shown in Fig. 46. During the voyage, in 
which 90 tons 18 cwt. of coal were iiaod in the latter, but 
81 tons IC cwt, were used in the former. The engineer 
reported, that "when the gaaoa are properly consumed, the 
best effect is produced ; good steam is ob tained and leM 
coal UBed.'' 

Fig. 47. This boiler also was tubular, 17 feet 2 incheB 
long. Engines 870 horse-powor. It ia here Bhown 
came from the maker. The grato-bars 9 feet ; dead plate ft 



Fig. 19.— Oommon Furnacfl- 

mcheB. The area for the admission of the air waa quit 
adequate to the introduction of the necessary quantity. 
This boiler was then altered aa in Fig. 48. 

Fig. 48. Tiiis is the same large steamer as in last 
number ; the air-bos being introduced into the bridge ; the 
result was a considerable diminution in the fuel use 
better command of steam, and freedom from the nuisance of 
smoke. 

Fig. 49. This tubular boiler is here shown as it came froi 
tha maker ; grate-bars 9 feet 3 inches long, with dead-pl» 
12 inches. No means for admission of the air to the 
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In this bo3er the run to the end of the tubes being so short, 
the generation of steam depended, ahnost exclusively, on the 
large grate-surface from ten furnaces. The consumption of 
coal was very great, and the smoke very dense. From the 
shortness of the boiler there was necessarily but little room 
for improvement. It was altered as shown in next plan. 

Fig. 50. The same boiler, altered as here described, allow- 
ing the air to enter by a perforated plate. The inherent 
defects of the short boiler, and short run, prevented the 
realising much advantage in this case. 




liy. GO.— I'eifoi-ated Tlalc at Bridge. 

Fig. 51. This plan is here introduced as showing the prac- 
tical error of supposing that the gases could be consumed 
by causing them to pass through incandescent fuel. The 
effect of this plan is to convert the gas into carbonic oxide ; 
and which, from being invisible, created the impression that 
the " smoke was burned,'* It is needless here to dwell on the 
chemical error of such an assertion. The fallacy of imagin- 
ing that either gas or smoke, from a furnace, can be con- 
sumed by passing ** through, over, or among " a body of 
incandescent fuel, prevailed from the days of Watt to the 
nw^sent. Numerous patented plans to the same effect 
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might here be given, all having tho samo defect, and equally 
iueffectivc, 

Fig. 52. This wag one of the numerous bot-oii' QKpedienti 
presBod upon public notice, under the illusion, that by heat 




ingthe air, "the siiiohe icould he Umied." A large hollow 
fire-bar. A, waa placed in the centre, or sides of the furnaceJ 
with a regolaticg door for the ftdroiesion of the air 
Admiralty having been induced to allow this plan 
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adopted in the Steam Packet, the " Urgent,'^ at Woolwich, 
the result was a total failure, and its consequent removal.* 
The supposed heating of the air being a mere assertion, 
made for the purpose of giving an appearance of novelty. 




Fig. 62.— Hot-air expedient and Split Bridge. 

having been wholly without effect, the result was, that it 
reduced the so-called patent invention to that of Parkes' 
split bridge, with all its disadvantages when applied to 
marine-boilers and large furnaces. 




Fig. 53.— Hot-air expedient and Split Bridge. 

Fig. 68. This was another modification of the split-bridge 

♦ The Urgenty Captain Emerson, being then engaged in the Mail 
Service at Liverpool, this steamer came under my notice. For. the 
purpose of testing the effects of this hollow-bar, I had an experiment 
made to ascertain the extent to which the air might be heated, and 
found no perceptible increase of heat could be obtained by it. 
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plan. Mr. West, in hia pnbliahed Report, on the meOiodB 
anlimitted to the Pablio Meeting at Leeds, in 1842, described 




FiS' M.-^Hot Air Rt the Bridge. 



this in the following terms; "It coneiBts of a regolaling 
Tdlve, by which air is admitted into a pasBags through the 




rig. K.—Chouter'B System. 



bridge (the split bridge of Parkeg' espired patent), for fonr 
hotu-B After £rst firing. By this time, the coal is coked, and 
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the valvG BhTit the remainder of the day." It is m&nifeBtl 
there is nothing in this plan beyond the split bridge, accom^fl 
ptmied with the mode of hiing and slow continaons combat 
tion applicable to it. 

Fig. 64. This is but another modification of the epl 
bridge, though anaonnced as a plan for hfatimj the air, by i1 
passage thi-ough a body of hot brick-work. This plan, M.l 
Pt'clet obBer\-ea, was adopted in France, but abandoned. 

Fig. 5o. M. Feclet gives this as one of Chanter's imtcnta,! 




-not Ail nt tho Bridge. 



which was also tried and abandoned in France. It will be| 
seen that this is but a modification of the former plans. 

Fig. 56. This is another of tho EO-callod hot-air placH,! 
although it ia nothing but the split bridge with a supple-J 
mental grate, a9 adopted by Chanter and others. ThaA 
patentee professes to have the air " intemdij heah-il," by theM 
handful of scoria, or cinders, which fall on tho supple mentalil 






57- This is another of iho hot-air plar 
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ill Mr. West's Summary. The air is Lere supposed to 




rfaeatod by paseiug through the vertical tuhos 
in the flue, and thenoe through tho passagt 



placed 
the 
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'nniace by a giugle orifice, c. It is only necessary to observe 




ihtA it would be impoesiblo that one-fourth part of the 
required quantity of air could there obtain access, unless by 
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BO enlar^ug the orifice as to prodace a eooling effect, by its 
then entering en matse. 




Tigs. 58 and 59 This plan as m Fig. 68, with the aec- 
tional view, 59, is also taken from Mr, Weal's Summary, 
and is here introdnoed with the new of further point- 
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ing to the hot air, and " Bmokc-bnrniiig " fallacy. Tht 
follon-ing is tho description given liy Jlr, West: 
Emoke, after bavicg pagEed aloDg tlie flnea marked F, I 
intended to be canght by the fan H, before reaching th^ 
damper Q, and, along 1^'ith a safiicicut quantity of atmtK 
spheric air, is propelled along the return fluo I, into the 
enclosed ash-fit K, where it is again forced lirongh tka 
fire-grate C." It is not necessary to add any comment oai 
what is BO wholly opposed to chemistry and nature, 

In the case of boilers already constrnctod, it may be askecG 
how they should bo altered so as to admit the required supply 
of air. In hind boilers, where the furnace doors ar 
brick, they may easily bo enlarged, and at a small 
allow space for the requisite number of oriEces, Uie aggre- 
gate area of which shodd average five to sLx square inches 
for each square foot of grate-bar furnace, according to th9 
description of fuel. 

In marine boilers, however, the enlargement of tho doo* 
end is tronbksoLic. Whore snfBciont space cannot be 
obtained, it will be advisable, in addition to as many half> 
inch orifices as citn be inserted in tho back plate of the cloaa 
door box, or in the Dcighbourhood of tho door, to introducQ 
the ordinary perforated air-plate, as already shown in Fig,, 
41. This was the mode succoBsfulIy' adopted, in the pre- 
sent year, in the mail steam-packet, tho " Llfwdhjn," Thft 
boilers being now, and the maker not having allowed s 
Gofficient for door-frame plates of the required sizo, the. 
deficiency was supplied through tho ordinary perforated box 
in tho bridge. 

The boilers previously in this vessel were remarkable foe 
Ihc continuouH volume of dense smoke : the now boiierF 
independently of tho absence of smoke, sappliea more steam 
with a less consumption of coal. The contrast between th» 
two modes of oonatructing furnaces, is well exemplified id 
the following eatract from the report of Mr. Joseph Clarke, 
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^^Bbfl Engineer of the Dnblia Company, to whom this vessel 

^^peloDgB.* 

^^^ In illuBtrfttiou of the alteratiou which should bo made in 
marine boilers. Fig. 60 represents the uburI mode of con- 
tracting the door end to the mere size of the door frame, as 
at a. Fig. 01 representa the mode of enlarging the opening, 
both at the sidoa and abovo the dooi'way at b, to allow of tho 
introduction of a safiioient number of half-inch apertures, as 
shown in Fig. C'2. It is hero worthy of note, that as the 
onUnnry mode of cOEstrncting the door end of marine boilers 
is difficult and eiipensive, as shown in Fig. 60, the mode 
shown in Fig. 61 ia bo much more simple as to cover all the 
outlay for the air boxos shown in the next figures. 

Fig. 62 represents one of tho modes adopted whcro tho 
boiler has been oi-ijinnUy conunicled lo admit the required 

»»um,her of orificea. This has been in Buccesafal operation for 
• " Tho Ilolyhoad mail stoflm packet, " LUwelli/ii," having now been 
Bt work tluce montba with new 'boilers, I havo to transniit you Iha 
result of thoir performnncca. This vessel liaa two lioUers ; one 1}4?iora, 
and the other abaft the engioea. Their conBtructiou are preoisoly tha 
mana : cai'h having bii furcaceH. Both have all their fumiica llttingi 
euu.ilj' the same. In order to put tho emuke-prevontion priauipla in 
tontiaat with tho ordinary mode, the^bro boiler was allowed to remaon 
ua it eame from tho maker, while the afUr om had the door Eraraes o( 
oach of the furnaces (which are made with box mouth pieces) perfo- 
rated with 149 holes, each ■•h intdi diameter, to admit the air. Thceo 
not being suffieiont, tho perforated plate behind tho bridge wiia added, 
in which there were 321 holos — in all, 470 boles; (he gross area of 
which ia equal to about S square inches for each square foot of flra 
grate. Tho result is, that the fore boiler gives out a continuous 
volume o£ dense mnoko, and the after ono none wlmtover. It ia quite 
remarkable to eeo Uie steam blowing off from both boilers, and smoke 
only from one. I know nothing that could be more demonstrative of 
a principle than the contrast between the two boilers in this vessel. 
It attracted the attention of the passengers, and I resolved, therefore, 
on leaving the two sets of furnaces as they aro fer some time longer, 
to afford the public tho opportunity of seeing that smoke provontion is 
practicable. When the vessel can be spared, it ia my intention to 
tho furnaces of both boilers alikt "" 
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some years, and without requiring any repairs. In this 
plan it will be seen that air boxes are introduced at the sides 
and above the doors. The air entering t6 the upper box at 




Fig. 60.— Common Furnace. 



a, and to the side boxes at h b. (The left representing an 
outside, and the right an inside view of the orifices.) In the 
centre is a sliding plate P, by which, alternately, the right 




Fig. 61.— Argand Furnace. 

or left hand upper orifices may bo closed, when cither 
furnaces are about to be charged. 

As much stress has been laid on the value of having 
skilful firemen, it is important to show in what their real 
duties consist. The annexed figures will explain the difier- 



rOO COMBUSTION OF COAL AND SMOKE PREVENTION. 

ecco in effect botwGon tho right and tho wrong mode of 
charging a furnace. 
Fig. 68 reprcEents tho proper mode of keeping a uniform 




[.depth of coal on tho grate-bars : — the reeult of which will 
Mbe, a uniform generation of gas thronghont the charge, ani 
Lii aniform temperatnio in tho flues. ^ 
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[. 63n rcpresouta He oi'duiary mode of feeding marine 
furnaces : charging the Jront half as high, and as near the 
door, BS possible, leaving the bridge end comparatively baro. 
The reeolt neceasarily is, that more air obtains acccES 




\/////ma *-" 



through the uncovered bars than could bo required ; thna 
defeating all efforts at inti'odncing the-proper qnanlity in the 
proper manner. • 




Flp. 630.— Improper firinff. 

Where the air is properly introduced, the duties of fireman 
are all contained in the following inatructiona : — 

Ist. Begin to charge the furnace at the bridge-end, and 
keep firing to within a few incliea of the dead-plate. 
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Snd. Never allow the fire to be bo low, before a iresli 
diuga is throws Id, that tbero shall not be at least four to 
fire ioohea deep of clear, mcandescoDt faol on the bars, and 
equally spread over the whole. 

8rd. Keep the bars conBtantly and equally covered, par- 
tionlarly at the eidoa and bridf^e-end, where Ihe fuel bnrnB 
RWay moat rapidly. 

I 4ib. If the fuel bums uuequally, or into holes, it must be 
uvellod, and the vacant spaces must bo filled. 

6th. The large coals must bo broken into pieces not 
bigger than a man's fist. 

6tb. Where the ash-pit is shallow, it must bo more fre- 
quently cleared out. A body uf hot cinders overheat and 
l^um the bars. 

One important advantage arising from the control of the 
quantity of air is, that it enables the engineer to shorten tie 
length of the grate by bricking over the after end of the bars, 
(seeing that an unDocoHsory length mGroly gives tha means of 
lotting an improper supply of air pass in through the 
uncovered bars. 

The facility with which the stoker is enabled to counteract 
the best arrangements, natorally suggests the advantage of 
mechanical Jeederf. Hero ia a direction in which mechanical 
ekill may usefully bo employed :— tho basis of success, how- 
ever, should be the sustaining at all times the uniform and 
sufficient depth of fuel on the bars. 

The plans of Brtnilou's revolving grate, Jukss's moving 
bars, or Staiilei/s self-feeding apparatus, need not here be 
doscribod.* There is in theso no pretension beyond wl 
they can perform ; each acts the part intended, and, whi 



} be 



' Stanley's apparfttaa was early applied on board tlio Dublin Steam. 

Company'B vesaol, the " Ziftrpool." Indepondeot of its inconyenieiit 

liulk, it was wholly defuctive, when applied to lurge furnaces, roqairing 

the most active firing, and tlio irregular demand for steata incidental 

^^ marine boilers. 
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ever there is room for their introduction, and that the uniform 
amount of heat produced by these means falls in with the 
requirements of the steam engine and the manufacturer, 
these will answer the desired purpose. 

We must here observe that these plans are inapplicable to 
marine furnaces, or where large quantities of steam, and 
active and irregular firing, are required. 

The simple operation in these is, the keeping continuously 
a thin stratum of fuel on the bars, and, consequently, an 
abundant supply, and even an excess of air, through it, to 
the gases generated in small quantities over every part of the 
fuel. Neither must we be led to suppose,- that- tii^y effect a 
more economical use of the fuel. 

In an inquiry on the subject at the Society of Arts, much 
stress was laid on the annual saving by the use of the 
moving bars, at a large establishment in London. It ap- 
peared, however, that the saving arose, not from any more 
economic use of the fuel, or the generation of more heat, or 
by a more perfect combustion, but merely from the circum- 
stance, that the mode of feeding the furnace, and keeping 
continuously a thin stratum of fuel on the grate, enabled the 
proprietor to use an inferior description of coal. 

Although the combustion of the gases in locomotive boilers 
does not come within the scope of these remarks, the 
peculiarities of the boUer, as shown in Fig. 64, are so illus- 
trative of the principle of admitting the air through numerous 
orifices, that it here merits attention. 

Fig. 64. This plan of boiler is the invention of Mr. 
Dewrance, when Engineer on the Liverpool and Manchester 
Railway Company, and was adopted in their locomotive, the 
" Condor, '^ By this arrangement he was enabled to use coal 
instead of coke, and with entire success. It will here be 
Been that the air enters from a separate passage to a number 
of vertical perforated tubes, from which it passes to the gas, 
in a large mixing or combustion chamber, through numerous 
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small ori£oes. The resnlt is, immediate diffoBion and com 
buetion. The deflectmg plate, to a certain extent, conntei 




acts the Bhort. run, or distance to the tubes. A, deflootin 
plate ; B, combuBtion chamber ; C, common coal fire ; X 
cold air pBBsage. 
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In concluding these observations on the various modes of 
introducing air to the furnaces, it is only necessary to add, 
that all that manufacturers have to do is, to imitate, as near 
as possible, the principle of the common Argand gas burner. 
Let them introduce the air hy numeroxis small orifices to tJie 
gas J in the furnace y as the gas is introduced by small orifices to 
the air in the burner. Let them begin by having as many 
half-inch or even three-quarter inch orifices, with inch spaces, 
drilled in the door and door frame, as possible. If the 
furnace be large, and the door-plate frame is not sufficient 
for the introduction of the required number of holes, let 
them introduce the perforated plate in the bridge, as shown 
in Fig. 41. 




CHAPTER X. 

|UK PEOVIDrNO ADEQUATE ISTERNAL SiraFACE FOE 
THANSMITTraa THE HEAT TO THE WATEE FOR 
EVArORATION. 

On this head, marine -boiler makers content theioBelvcs ^ith 
calcuIatiDg tba gross internal superficies ; and lia\-ing pro- 
vided a given uuiuIk!!: of equnre yards of so-called luxating 
turface, they consider they have done oil that is neeesBary 
I for providing an adequate supply of steam, 
[ As to general efficiency, the JJite gyatetn is capable of 
' snpplying all that can be required, while it is free iiom the 
anomalies incidental to the multi-tubnlar plan. When 
larger qnantitios of steam arc rcquii-cd for hirger engines, 
thia can be best obtained, not by additional tieri^ of tubes, 
but by extending the areas and length of run ; thua in- 
creasing tbo number of units of lime, ilisiance, and mirfaee 
along which the heat-trnnsmittiug influence may be eseited. 
I As to the importance of time mid dbilance, in connection 
\ with surface, it is only uecDSsary to point to the length of 
the jlame, in ordinary boilers, that being an unmistakeable 
evidence of the durotion of the process of the combustion of 
the carbon ; and which process cannot be interfered with, 
unless by the loss of that heat which would have attended 
its completion. 

Again, in addition to the heat obtained by direct radiation 

A-om the flame, wo have to consider that large quantity 

. which would have been given out by the gases, if their 
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comhustion had been completed. It may here be observed 
that it is the obtaining the service of the heated prodacts 
by an adequate run of fine, with sufficient time and surface, 
that characterises the Cornish boilers. In these, the main 
feature consists in generating, by slow combustion, no more 
heat than can bo taken up, and transmitted to the water. 
In this respect, then, it is the direct reverse of the tubular 
system. In the former, there is slow combustion, — a con- 
tinuous small development of combustible gas, — a long run, 
— abundant absorbing surface, — a moderate rate of current, — 
free access of the water to the flues, — and sufficient time to 
enable the surface plate to do its duty; — added to the 
adoption of every possible means of preventing the loss of 
heat, externally, by clothing the outside of the boiler. 

In the marine tubular boiler , on the other hand, everything 
is the reverse. There is the most rapid combustion, — the 
largest and most irregular development of gas, — a rapid 
current, — a short run, — a restricted and imperfect circu- 
lation of the water, — and a total inadequacy of time for the 
transmitting and absorbing processes, with a great waste of 
heat by radiation from the boiler. 

Another serious evil of this tubular system, and its short 
run, which carries the heat away so rapidly, is, the over-heated 
state of the funnel and steam-chest; and the consequent 
danger to the part of the vessel in their immediate con- 
tiguity. 




OF FLAME, AND THE TEMPERATURE REQUTRED FOlt 
IT3 PUODCCTION AND CONTINUANCE, AND IT8 
MANAGEMENT IN TllE FURNACES AND FLt'ES. 

That a high temperatnro muBt, unintermittbgly, bo main- 
taineJ in the clinmbor part of tlie furnace, will at once be 
undoratooil, whon wo considor that fiame, continaoaa tbough 
it appears to be, is bat a rapid BucceBsion of electric explo- 
sionfl of atomB, or gronps of atoms, of one of the constitnonta 
of the gas — tbo hydrogen with oxygen ; imd as rapidly as 
their reBpective atoms obtain access and contact 'witii each 
other ; the second constituent — the carbon — takmg no part 
in Ettch oxplosiouB. 'Whatover, therefore, intorrnpta this 
EUCoeBBion (that ia, allows the exploaion of one group to be 
terminated before another ia ready, and within the range of 
its roijiiirodtemporaturo), virtually causes tlio flame to cease ; 
in ordinary language, juitu U out. 

Again, if by any cooling agency we reduce the tonipa- 
rature below that of acccnsion,. or kindling, the effect is tho 
Barao : tha succession is broken, and the continiioasness of tho 
flame ceasea ; as when we blow strongly on tha flame of a 
candle, by which we so cool down the atoms of j 
they become loo cold for iynition, and pass away in itfl 
grey-coloured vapour ; but which, by contact with %m 
lighted taper, may again be ignited, and tho sacceeaios 
restored. 

Thus we seo there are two modes by which flsme may b 
JutejTujJtL'd, that is, estinguished ; both of which p"" 
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tftrily in operation in oar furnaces. Ist. By the want of 
Buccessive mixture or groupings of air and gns. 2iid. Wh< 
the gas ia reduced in temperature by cooling agencies, ab 
will be ehown hereafter. 

The two CBsentiala of combustion are laid down by Sir 
H. Davy, viz, — lempei-atttie and coiHael; he conBidura the 
management or treatment of the llame, aad the moans by 
which it may be effected or extinguished. He states, that 
on mixing one part of carbonic acid with seven parts of the 
wijtiire of ijiis and air ; or one part of nitrogen with six 
parts of the mixture, their powers of eJiphsion tvere ilealroi/ed, 
— that is, iguilion ica^ prevented. 

Again he observes : " If combustible matter reqairea a high 
temperature for its combustion, it will be easily extiiiijuiehed 
by rarefaction or by cooling agencii:a, whether of solid snb- 
stancee, or of incombustible gases." 

On examination of what pasBes in furaacea «w»jr coal, we 
see the direct connection between its effect, and what Sir 
H. Davy so clearly pointa out aa the means of exiivguithing 
the flume. On looking into a flue boiler from the back end, 
a hody of flame will be seen flashing along from the bridge, 
and if air be properly introduced, extending a distance of 
20 to SO feet. This is the appearance which has to be 
Bnstained iiiiJii the process of combustion be completed, 'd \i 
would have the full measure of heat developed. 

On the other hand, looking into a liibular boiler, across 
the smoke-bos, the light of the flame may bo seen through 
the tubes; but, on entering their orifices, or at a short 
distance within them, it will appear to be suddenly cut short 
and extinguished, and converted into smoke. 

The distance, then, to which flame will penetrate tubes, 
bifore being e.vlingiiished, will depend on the rapidity of the 
current, — the size of the orifices, — and the quantity and 
jhwAoter of the gaseous products, entering iit company/ and 
^^Baaaet with it. These products are — 
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I^Vom the coke 
From the gas 

Here we have the very incombuatible gases referred to 
by Sir. H. Davy, — not even in smfil!, but in very large 
(juantiticB, — forced into the most intimate possible mixture 
with the ilamo. The result necessarily mast be, the 
reduolieu of its tempoi-ature, and consequent extingulah- 

Undci the circumstanceB of an ordinary ^u^ boiler, if the 
flue be of sufficient area, the products of combustion eeparaU 
tliemsdven, as seen in the flame of a candle, and as will here- 
after be shown. So in the flue, the hottest portion, and the 
flame itself, will take the upper part, thus avoiding that 
unnatural mixture with its own incombustible products — 
carbonic acid, nitrogen, and steam ; but which in the tubular 
system are again forced into contact with the flame from 
^vhich they had separated themselves. 

That the temperatm'e nilJiin the lubes wiU be reduced 
below that required for continuous ignition, may be tested 
by looking into them through aportores across the smoke- 
box end, or by introducing shavings or paper fixed to the 
end of an iron rod. In most cases (unless when the fuel on 
the bars is clear) the paper may be passed in and with- 
drawn, blackened with soot, or tmseorched, according to 
tho state of the furnace, indicating the low temperatnre 
within tho tubes, and their utter nseleseness us atenm 
generators. 

Tlie inference which this inquiry leads to as regards tbe 
high temperatnro required — let, for the ignition, and Sndly, 
for tho sustained existeneo of flame — is, that the tubular 
system is chemically, mechanically, and practically 
fitroyer of both, 
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■jOp the circulation op "R'ateh in the boiler. 

This important branch of tlie aubject — promoting ciroulntioB 
ia the water in evaporative veeselB — appears 
to have hitherto received but little attention ; 
yet promoting circulation is virtually promot- 
ing evaporation. Mr. Perkins proved by 
numerous experiments how much evapora- 
tion -waa increased by an unembarrasBed 
action of the ascending and desceoding cur- 
rents of the water: since then, no further 
effort has been made in that direction. If 
sufficient space be allowed for the action, the 
ascending and descending currents will of 
themselves take sQch directions as are most 
favourable for their respective function, as in 
Fig, 65, where an ascending current is seen 
in the centre, and a descending one on the 
sides. 

Dr. Ure observes, " When the bottom of 
a vessel containing water is exposed to heat, 
the lowest stratum becomes specifically lighter, 
and is forced upwards bi/ iJie superior gTaviiy 
of (lie superinctimbent coldei- and Jteavier par- 
ticks." Here we have the correct theory of ; 
ciieuIatioD. 
(,Bo far as regards the motion in water, previa 
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it bns been cotmneuted on by all writora on the sabjeet. 
Tlie net of boiling, however, crcateE a species of currents of 
, an entirely different and important character. These have 
received due attention, yet they are the most import- 
inasmuch as they inflnenco not only the amount of 
evaporation,. but, as -will be 
fibown, the durahililij of 
boiler itself. 

With reference to 
movements among the par- 
ticles in water, it ia a mis- 
take to suppose they will 
descend in the same in-ticul 
lilies in which they had 
ascended, as a Bhower of 
rain would through the 0] 
posing atmosphere, i 
a direction would be 
practicable on account of 
the resistance of the as- 
cending currents of both 
steam and water, caused 
l>y ebullition. Tbia may 
he illustrated by the an- 
nexed drawings. Fig. 66 
represents a supposititioM J 
case of the pai'ticlee of" 
water on reaching the sur- 
face, turning and descend- 
ing in the same vortical lines in which they bad ascended. 
Fig. C7 repreBents the ascending particios of water fiomng 
alonij the surface to the cooiest and least ohslnietcd pmt for 
tlieir dssemding course. This is what takes place in all 
boilers. j 

When heat is first applied 'to water, the uniformity of thai 
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motioQ is the mere result of diminisJud specific gravity, that 
being then the *ole motive power. After ebullition, however, 
a new state of things is created. The colanms of riBing 
Hteam obtain great physical power, violently and mechani- 
cally foTcii^ upwards the Ttatet which comes in their way. 
Vertical streams are thas 
indaced, putting in inotion 
a hody of water far greater 
than tcould be required for 
merely taking the place of 
that which had been con- 
verted into steam. Now, 
as bodies or streams of 
water, commensnrate with 
these continnonsly forced 
upwards, most necessarily 
retnm to prevent there 
being a vacant space, it is 
for these returning or 
downward currents, of what 
may be called surplus 
water, thai we are called 
on to provide both space 
and &cility. 

The difference in the 
character of the corrents 

before and after ebullition [•'-'■ ■ ■ ' '•■_. ■ 

are shown in the annexed ng. er.— circuiatiun of water. 

figures. These may be 

well observed in a glass vessel, of the shape hero in* 
dicated, and abont 4 or G inches wide, snepended over the 
flame of an Argand burner. Fig. 66 represents the nniform 
motion which takes place before ebullition. Fig. 69 re- 
presents the water after ebullition in its descending and 
revolving cnrrents, /orcmy tlie rising columns of steam aside 
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from tlidr reriical course, fts marked by the arrows. These 
motions, which are not perceptible if the water be free from 
foreign matter, will be seen on throwing in a great nnmber of 
small bits of paper, bo as to occupy all parts of the wate 
The entire mass will then be exhibited in violent and i 




Fig. es.— EbnlliHon. 

volving cnrronta — the ascending steam oconpying c 
and the descending body of water rapidly descending in some 
other part, but manifestly occitpyhig a much larger area of the 
vessel than the ascendiiiy portion, 
I Bo great is the ascensional energy and velocity of the 
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riaing steain, and the extra water forced before it, that 
numeroiiB globules are borne along by the current, and 
carried even downwards. These may be observed at a, Fig. 
69, in their slow OBcillating motion, straggling to retntn 
upwards throngh and against the foioe of the descesding 
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water. These movements arc highly instructive, and should 
be well examined, since, without an accnrate knowledge of 
them, we cannot have a right conception of what is required 
for giving a dne circulation to the water, and arranging the 
flues and water spaces in boilers to enable those motions to 
be completed. 
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The mflnence exercised by the descending body of irateir 
was Htrikingly illnstrated in an experimental tin boiler, 12 
inchefl long, Tvith a sln^e fine nmnbg Itotizontally throng 




Fig. 70.— Ebnllitloli. 

it, the water being he&ted by tlie flame of a large laboratory 
gas lamp. The boiler being open at the top, the movements 
of the steam and water were thus ascertained, as shown in 
Fig. 70. So soon as the ebullition became strong, the 
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waier spaces round tha fine appeared instifficient to allow tbe 

steam to ascend, and the water to descend, 

equally on both sides. The conseqaenoe 

was, that much of the water forced np by the 

steam on the one side, was carried over by its 

violence, and descended on the other, thas 

making a circular com^e round the flue, and 

forcibly carrying along with it much of the 

steam that came in its way. This circular 

motion is shown by the dotted arrows repre- 

sentisg the steam, and the plain arrowSi Ikt 

water. 

With the view of observing the injnrions 
consequences of restricted water-ways, a very 
usefol class of observations may be made by 
using a tall narrow ^ss as in Fig. 71, at- 
tached to a tin or iron vessel, with a flat 
bottom, to receive the heat from an Argand 
burner, or spirit lamp. 

Here the descending water is so obstmcted 
by the joint columns of ascending steam and 
water, that both are thrown into great confu- 
sion: — their respective cnrrentB continually 
changing sideS) and the progress of evapora- 
tion considerably delayed. We here obtain 
a clear practical view of what mast take 
place between tlie flues or tnbes of boilers, 
with their usually restricted water-ways. 

The violence and intermittent action which 
ensnes where separate channels or sufficient 
space are not available, will be well illus- 
trated in the following experiment ; Fig. 72 
represents two long glasses, each 2 inches pi^. n.— Ebniu- 
wide by 18 inches long, k. and b connected *'™' 

by means of a tin apparatus o and d, at the top and bottom, 
f3 
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Fig. 7^.— Ebullition. 
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leaving the commnnication open above and below; the 
whole being suspended over a fire, or circular series of gas 
jets producing a strong heat. On the heat being applied, 
a current of mixed steam and water will be seen ascending 
in one glass, and descending in the other, as indicated by 
the arrows. There being here no confusion or collision, 
a state of things will be produced highly favourable to 
the generation of steam ; the colder water finding easy 
and continued access to the heated bottom of the vessel 
at E. • 

If, however, the communication between the two glasses 
be cut off by inserting a cork or plug in one of the glasses, 
as seen at p, Fig. 78, the circulation in glass b will be 
suspended, and the glass a will then have the double duty 
to perform of allowing the rising steam to reach the surface, 
and the descending water to reach the bottom at e. The 
previous uniform generation of steam will then be succeeded 
by an intermittent action, explosive violence alternating 
with comparative calm and inaction, clearly indicating that 
the latter is only the interval of accumulating force to be 
discharged by the former. The rationale of this inter- 
mittent action is, that the water being obstructed in its 
descent, the steam is necessarily delayed or accumulated in 
the lower chamber, and only discharged at intervals. The 
motions exhibited in these intermittent changes are little 
understood, and have not been examined either scientifically 
or practically ; yet this branch of hydrostatics merits the 
most serious investigation in connection with the construc- 
tion of large boilers. 

Again, this accumulated steam getting sudden vent is 
discharged with great violence, literally emptying both the 
glasses and lower chamber. An equally violent, but more 
sudden, reaction of course follows, and a large body of 
colder water as suddenly rushes down to fill the space 
vacated. An interval will then necessarily be required to 
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raise the temperature of this large supply of colder water, 
and restore the previons state of ebollitioii. 

Here, then, we have a natural and physical canse for the 
intermittent action on the small scale which takes place in 
boilers on the large scale, where free circulation is impeded 
by the want of adequate space. Here also may be seen the 
true source of priming in boilers where the act of ebullition 
is violent. 



CHAPTER Xm. 



ON THE CIRCULATION OF THE WATER IN RELATION TO 
EVAPORATION, AND ITS INFLUENCE ON THE TRANS- 
MISSION OF HEAT. 

With reference to the currents in water caused by the appli- 
cation of heat, the first point for consideration practically is, 
the direction in which the atoms of water approach the 
plates where they are respectively to receive heat. 





Fig. 74,— Steam riBing. 



Kg. 75.— -Steam rising. 



Remembering that before any particle of water can leave 
the heated plate, and rise to the surface, as steam, it must 
be ** forced upwards hy some colder and heavier particles. ^^ 
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Unless, therefore, a dae snccession of snch particles be 
enabled to take their places as rapidly as others have re- 
ceived the heat dne to their vaporization, the plate itself 
cannot be relieved of its heat, and consequently, evapora- 
tion must be retarded. 
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Fig. 76.— Circulation of Steam and Water. 

To illustrate the direction in which the particles suc- 
cessively approach the heated plate, Fig. 74 represents a 
vessel of water — the heat being applied from beneath. The 
question here is, whether the colder atoms which are to take 
the places of the atoms of vapour, generated at the point 
A, will approach that point in the direction of the arrows 
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B, 0, or t>. From vbat baa jost been shown, it Is manifest 
tbey cannot arrive in tbe domueard direction of b, and mnst 
necessarily come in that of either o or d. 

Again, suppose tbe beat be applied lUeraUy, as to the side 
plates of a furnace, Tbe qnesUon then will be, whether 
the colder atoms will approach the point A, as in Fig. 75, 
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rifr- T7.— Circulation of Bteam aai Water. 



Fi;. IS.— Orer-heated fimian-craini. 



in the direction of the arrows b, c, or d. For tbe same 
reasons it will be seen that it must be in that of either c or 
D. This is manifestly in favour of vertical, rather than 
horizontal surfaces, as practically has been proved in the 
case of vertical tabes. This advantage may be accounted 
for by the fact, that the currents of the atoms of vapour, 
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and that of the water filont to be converted into vapo^tt^ J 
i\-ill then he mnning in one a>id the same directioii, and'a 
consequently, without obstruction or collisiou. 

Now lis vaporization does not depend on the quantity of 
heat ai'/iUed to the plate, but on the quantity talu-n from it, 
the amount of evaporation will be determined by the rapidity 
with which the colder atoms of water obtain access to the 
heated plate. Hence wo see how more important it is to 
study the moans of giving that aceeaa of the icater to llie o 
sidit of tho plate, than of heat lo the othtr. 

The annexed figuroa will illustrate, practically, the 6 
tion in which the colder water obtains access to tho i 
and erown ptaiea of a furnace : — the arrows representing 
the ntoniB of water, and the dotted lines those of the rising 
steam. 

An important quoation is hero raised, — do tho atoms of 
water approach the plate in the direction of tho arrows as 
in Fig, 76 or Fig. 77 ? Everything goes to show that it 
must be as in the latter. We here then find that the croini 
or horizontal plates can bo supplied from the verticid teater 
spaces alone : and hence the importance of making those 
channels so large, and conveniently arranged, that the water 
may reach them in full current and quantity. This also 
acoounta for the fact that the crown plates are the most 
liable to injury from being ovor-hcated. The side plates 
next the fuel on the bars, becoming over-heated and bnrnt, 
we shall sea, is referable to a different canse. 

The crown plates of a furnace are then the most liable 
io injury from the double cause of being exposed to the 
greatest heat, by dii'ect impact of the flame, and from the 
water having gj'eater difficulty of access to them, as shown 
in Fig. 76. This causes them frequently to bulge nnder 
the pressure of steam, as in Fig. 78. This bulging on one 
occasion occurred in the first voyage the vessel had made ; 
nevertheless, no inconvenience resulted from it ; — the iron 
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faavisg been of good quality, the boiler remuned in a state 
of perfect effidency for many years ; and when ultimately 
broken np, the bulged part was aa eonnd and thick as it 
ever had been. 

Oa this it may be observed, that if there be any obstnic- 
tion or slnggishneBS in the water reaching the crown plates 
(on ilA rising &om the vertical water-ways), the violence of 




Kg. 79.— CircntaHon of St«am anS Water. 



the npward cnrrent of steam will carry it in the direction of 
the arrows in Fig. 79 ; — thus leaving the centre of the crown 
plate in contact with steam rather than water, and by which 
it necessarily becomes over-heated. 

Looking to the direction of the water on passing itom 
the vertical side spaces to the ciown plates, the shape, as in 
Fig. 80, wonid appear most favourable for aiding the access 
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of the water — (the trtova show the direotion of tiie water, 
and the dotted lines that'of the Bteam). The oylindncal 
shape, perhaps, ofibra the most advantages as regards direc- 
tion of the water, and the resisting power of the plate. 
The inferences to be drawn from tliese Caots are, — Firtt, 




Fig. 80.— Ciidilation of Steitm and Wiil«r. 



that evory possible facility should bo provided for onafalino 
the steam to reach the surface of the water without loss of 
time or temperature. Seeondly, that ample space should he 
given, at the ends or sidet, or both, for the large returning body 
>/ waUr, which had been forced upwards by the violence <J 
the ascending columns of steam. Thirdly, that bb " 
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adequate means shordd be provided to enable the water to 
spread along the bottom^ in its coarse to supply the numerous 
vertical spaces between the furnaces. 

It is more important that we investigate the absorbent 
power of the recipient^ than that of the plate. All that the 
plate requires is, that its transmitting power — ^its proper 
function, be brought into action. On this head, M. Peclet 
correctly observes, that, '' under ordinary circumstances, 
the quantity of heat which a metal plate has the power of 
transmitting, is far greater than what it is really called on 
to transmit ! " To expect, then, that the plate will exercise 
a greater power of transmitting heat to some other body, 
than that body possesses for receiving and absorbing it, would 
be a physical absurdity. 

It is manifest that as the heat absorbing power of steam 
is so inferior to that of tcater, a much less quantity will be 
taken up, in given times, by the former than by the latter. 
Again, since no more heat can be transmitted through tJie 
plate from the one side than can be taken from it by the 
recipient on the other — the transmitting power of any given 
surface must be absolutely dependent on the absorbing 
power of that recipient, whether it be oil, water, steam, 
or air. If, from any circumstance, the water be prevented 
or delayed in gaining access to tJie plate, the steam will in 
a like degree be obstructed in leaving it ; the presence of 
the former being the very means by which the latter will be 
effected. 




Ha\in() considered the circulation of tlic water as i 
evaporation ; diBtinguiahing the separate funotiona of tha 
heat Iraiismillcr, and the heat rccipkitl, we have now to 
e:taminQ its bearing on the darahility of tiie plates. 

lu tho first marine boilers, the flues were made deep idth 
narrow irater spaces, nsuolly about four inches wide. The 
object, then, was to combine tho two easentials — adeijaate 
length of run in the flue, with sufficient heating Burfuuo. 
Among the disadvantageB of this arrangement of the flues 
was, the recnrrence of injary to the plates in the region of 
the furnaces by becoming uccr-heuted. Although tliia evil 
of over-heating continues to be experienced, the direct cause 
of it has remained without due inijairy. Its rccarronee was 
usually attributed to neglect on the part of the fireman, or 
the want of sufficient water in the boiler ; hence more im- i 
portance was attributed to the necessity of having " carafa 
and experienced stokers," thau to the remedying the da*j 
foctive construction of the boiler itself. 

If the water indicated a level iihofe the JIues, all i 
considered right, and no thought was given to the possibilil; 
of its being deficient heioiv or uroui\d them.. Yet esperiencql 
has shown, that although everything indicated a propeX 
height of water in the boiler, the plates, particularly thoM 
connected with the furnaces, were, nevertheless, subject I 
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be over-heated and injured. In such cases, if the u'on was 
laminated, or otherwise of inferior quality, it became cracked, 
or burned into holes. This state of things was strikingly 
illustrated in the boilers of the '^ Great Liverpool '* steam- 
ship, on her first voyage to New York, in 1842. The en- 
gineer, observing the side plates of the furnaces constantly 
giving way — some bulging and others cracked and leaking, 
and even burnt into holes, although there was always a 
sufficient height of water in the boiler, suspected something 
had interfered to keep the water from the plates, and with 
the view of testing it, introduced an inch iron pipe from the 
front into the water space between two of the furnaces. 
This at once brought the source of the evil to notice ; 
for although the glass water-gauge always indicated a 
sufficient Jieight of water tcithitif yet nothing issued through 
the pipe but steamy so long as the boiler was in full action. 

This fact unmistakably showed that the over-heating of 
the plates was unconnected with the duties of the fireman, 
and was the result of insufficient circulation, depriving the 
deep narrow flue-spaces of an adequate supply of water* 
There was then, manifestly, no remedy for this continually 
recurring evil, and a new boiler became necessary. 

The important point then for inquiry is. Why was the 
plate thus left; in contact with steam instead of water ? 
There was here no apparent impediment to the steam rising 
to the surface. There was, however, as we shall see, extra- 
ordinary difficulty of access to the water to dislodge the 
steam; and, as Dr. Ure observes, it must remain, until 
^* forced upwards by colder and heavier atoms of water,'' 

As the details of this boiler of the '* Liverpool " will afford 
opportunities for comment, on what is practically necessary 
for promoting circulation, they are here annexed. 

Fig. 81 is a plan of the boiler, showing the ten furnaces, 
and the narrow water-ways separating the series of narrow 
flues* 
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Fig. 82 is a. section ftom A to B, showing the water 
spaces of 5 feet deep by 4 inches wide, and the direction 




FiB. 81.— Boilar of the "IimTimi," 



^I which the water approached the side and crown p 
of the fumaceB. The bottom ftorisOTitai water-Bpftoe ia 1 
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of but 6 inches deep^ and from whieh M the vertical 
\ were to he supplied. This bottom space was also 
. to be mnch obstructed by sediment and other deposit. 




F 






I 



=i\ 



y 



I 



-s 



w^^ 



3/ 









I 

00 



) we see the direction the water had to take in its 
\v3ard conrse was through one narrow four-inch space ; 
then to be distributed over the bottom area of above 
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500 square feet in its way to the vertical spaces between the 
furnaces and flues* 

Fig. 88 is a section across the furnace end of the boiler, 
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from C to D, showing the eleven narrow water spaces, 
and into one of which the trial-pipe was introduced, afi 
already mentioned^ 
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[. 64 is a cross section of the after-part of the boiler, 
£ to F, Bfaowing the sixteen water spacea betwesn (fie 
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may here be observed, that the aide plates of the ten 
ces, -which, as being the hottest, required the largest 
y of water, were, neoeHsarily, the -worst snpplied, bein^ 
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tho/ai-(7((fs( froiit the narrow dou-mrard current at the bac : 
end. It is here monifeBt that, the furnace side-plates cou 
not have been adequately supplied with water, to take tl 
placo of the great volume of Eteam generated from the; 
snrfaces, and, coneoi^uently, that the steam must have lic: . 
relaiiieit in cojilact ii'ith them. It can no longer, then, be . 
matter of surprise ihut the sides of the furnaces becan . 
iver-heated and injured. 

In this boiler, the ten furnaces being all ftt one end, tl< 
wnter takmg the coolest place for its descent, would natr 
rally flow along the surface from front to roar, as shown I; 
the arrows. Fig. 82. (The construction of this boiler, a 
regards what takes place within the fuen, will be further 
noticed in the Chapter on " Drauijki.") 

That the transmitting plate cannot be unduly heated dr 
destroyed, where the recipient of the heat is water, may h: 
■tested in many ways. Water may be boiled in an egg shel!, 
or in a vessel, the bottom of which, though made of rnr' 
paper, will not be injured. That the temperature of an iroi. 
TflBsel of oven half an inch in thickness, containing boihu;' 
water, cannot be much, if any, above that of the water, ma 
be tested by applying the fingers to it, immediately on bein^' 
removed from oven an " intense fire." In fact, the tempern 
ture will rather appear to increa»e after its removal from th' 
fire. The reason is obvious: — the heat being so rapid!: 
taken up and absorbed by the water, its eurrent through thi 
plate must necessarily be equally rapid. On removal frori' 
the flame, however, the exterior surface, then receiving na 
further supply or increment of heat, is instantly reduced in 
temperature ; the current through the plate then becoyiu ■ 
reversed, ami passes frotn the inside to the outside. The walei 
side being absolutely the hottest, a new equilibrium is esta 
blished, equal to that of the water at 212°. For the pnrposu 
of patting this to the severest tost, an iron vessel with a flal 
trottom and half-inch thick pkto was placed over a fumaci . 
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expressly consiractedi so that it might be exposed to a very 
great heat from a coke fire, nrged by a strong blast : the 
rapidity of the ebullition was extreme. It was so arranged, 
that it could be suddenly removed from the furnace, and the 
temperature of the bottom instantly ascertained by the touch 
of the fingers. This was done repeatedly, yet, on all occa- 
sions, it scarcely appeared to have the temperature of boiling 
water. 

A conclusive illustration of the fact that the plates are in 
no way affected by thickness or temperature, is afforded by 
finding that, in breaking up old boilers, those parts which 
were exposed to the most intense heat and direct impact 
with the flame, have continued sound, and wholly unde- 
teriorated, when the water had free access to them. 
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E draught, or current of nir paaaing through & ft 
b OccaBioned by the difference in weight between the coli 
of air withia the chimney, and that of an external column 
the Bams proportions, — the " ascent of tho internal heated 
air," as Br. Ure observes, '' depending on the diminution of 
its specific gravity, — the amount of unbalanced weight being 
the effective couae of the draught." Since, then, this levity 
of the inside air is the result of increased temperature, the 
question here for consideration is, how that temperature 
may be obtained with the least espenditure of fuel '? 

In marine boilers, numerouH cases of deficiency of draught 
will he found to arise from an injudicious arrangement of 
the flues, and the conflicting currents of the heated produol 
witbin them. 

M. Peclet observea, " Whore several tubes or flues open 
into one common flue, the currents ale continued beyond 
their orifices, and by their mutual action afibct or modify 
their respective forcoa. If, for example, two flues, A and 
E (see Fig. 85) enter the common flue C, by orifices 
opposite each other, the influence of their currents on each 
other will be nil, if iheij have equal rapidity; because the 
whole will pasH as if they had struck against a plane fixed 
between them. If, however, the currents he unequal, thai 
which has the greatest rapidity will reduce the ipeed of the 
ether, and more or leea La\e the eiTect of closing the orifice 
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aagh 'which the latter flowed. So many pT0O& of tBis," 
adds, " may be adduced, as to put the fact beyond donbt." 
'hese Btreams of air," he conturaes, " in this reapeet, act 




Figs. S5uid es.— Dnnght Is 

^ach other as Btreams of water. It is already known by 
experiments of Savart, that where two streams of water, 




FigB. Br and eB.~I>iiiigbt la Elnaa. 

;he same sectional area, act in oppoeito directionB, and 
t one of them has even bat a little more speed than the 
er, the latter is pushed back, and the influence is felt np 
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to its source. The result of this collision in the flue may be 
avoided by the Diaphragm D, Fig. 86.*' 
Again, ''Phenomena of the same kind will be produced 
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Pig. 80.— Draught in Flues. 

where the courses of two flues are at right angles to each 
other, as in Fig. 87. These effects may also be avoided 




Fig. 90.— Draught in a Ohimney. 

by the Diaphragm D, Fig. 88." This also is of frequent 
occurrence, and seriously affects the general draught, as will 
hereafter be shown. 
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Again, " Where the chimney or fine is common to eeveral 
furnaces, the arrangement should be sneh 'that the streams, 
ot currents of heated gas, should not interfere with each 
other. Fig. 89 represents Hie arrangement that should 
be adopted in snch oases." It is needless to observe how 
frequent this state of things occnis, and how little attention 
h given to it. 

" So, where a current of hot products issues horizontally' 
into a chimney, it may happen that its draught woold be 
entirely dettroyed, if the rapidity of such current was con- 




Fig, m.— Dmnglit 



siderable, as it would then have the effect of bLuttiu;,' iho 
chimney like a damper." Ho then deBcribes what occurred 
at a soda manufactory, with a chimney for general draught, 
which he had to conatraot, and -which was also connected 
with a flae from another apparatus, as shown in Fig. 90. 
In this casO) "the current from the one flue completely- 
neutralised that of the otbci." This be remedied by the 
partition P. 
Again, where three flues enter a funnel from three different 
-ta, it is evident, be observes, that "the diaphragms 
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tibould be so placed as to leave each current an adequate 
section of the chimney," as in Fig. 91. The circumatance 
here referred to may he found to exist in almost all marine 
boilers. Rarely, however, is the interposition of there 
(liaphragniB thought of, yet nnmerous instances of the de- 
rangement of the dranght, particularly of the wing hoilers, 
must be within the knowledge of ali engineers. 

Let UB now apply these jadicions practical ohservationa 
The first boilers of the " Great Britain," Bcrew steam 
in point. The arrangement of these boilers have alreadj 
been noticed with reference to their impeding the 
eirculatinn of the water. We have now to consider them L 
rsBpeet to their infinenco on the drcwfiht. 

la those boilorB, attention was given, almost exclusively 
to two objects : — providing the largest poBsible amount c 
Jirr-grate areas, and the largest aggregate of internal heaXvi^ 
turjacc. As to the former, almost the entire area of theB4 
large boiiGis may be compared to an aggregate of famaces 
Nevertheless, there was no command of steam, ai 
engineer stated, that the wing hoilers were unequal 
draught to the centre ones. The deficiency of draught 1 
the farnaces of the side boilers will easily be accounted f 
iog tho plan of the upper tier of Hues, and thf 
s collisions whore the heated products from twenty 
four lurge furnaces entered the funnels, as shown in Fig. 92 

The flues from tbo four furuaces of each wing boiler ar 
here made to enter one common cross flue — each thwartini 
the current of tho preceding one. No, 1 being checked I 
No. 2 — which crosses it at right angles — which, in its turfl 
was checked by No. 3, and so on — the same mal-arra 
ment taking place in each of the sixteen fiuoB of the 
wing boilers. These, it will he seen, are the direct caa 
adduced by M. Peclet, where the products and cuirai 
from one flae act as a damper on the draui/ht of its pt 
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ignin, the joint prodncta of the foar fines of each wiug 
er are made to enter the fnnnol by a einglo opening, 
ch is not only at riglil angles with tho flaeB from the 
r centre hoilers, bnt directly opposite to those of the mmj 




en on the other Bide. Thus the fluaa of no less than 
it fnmaces, all entering by a single opening, are brought 
I direct collision with those of the other four, and in 
moat certain way to affect the draught of all. Here 
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WO have a combination of the evils referred to by M. 
PC-clct. 
The case of the boilers of the " Great Liverpool," is a still 




Fig:. 93.— Boiler of the " Gnat Limrpimi. 



^eater violation of the mles whioh should regulate the 
draught. Here, there hei&g Wu ft nt^ta tisr cpf flues, the 
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.■ed aggregate of heating internal surface waa obtmed 
e labyrinth of wiudrngs sho\ni in Fig. 98. 
the first place, tha flames iiom tbe tbiee centra fur- 
of each half of tbe boiler are forced into a single flue 
it 18J iocboB wide, aa sbowD by tbe arrows. Again, 
jueons prodncta of each Bet of tbrea centre fiimacea, 
vhich are necessarily tbe more powerfol, are made to 
the single back flue at right angles, and across tbe 
nt of prodactB from tbe two wing furnaces, as shown 
e enlarged view in Fig. 94. It is scarcely possible to 
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Pig. 94,— Boiler of tlie " Oraa Lieiieoo!." 

eive a more direct case of collision, or a more efTeotnal 
per by the hotter and larger cnrrent iiom three fnr- 
a, on the smaller current than the two wing fomacoB. 
lese boilers, it is manifest that nine-tentbs of tbe steam 
produced by the plates in connection with the furnaces 
e, and by a. system of continued forcing ; the long run 
nes being filled with dense black smoke. 
considerable improvement was eflected by oonstractiDg 
aces in pairs. This had tbe important advBnte%« oC 
lering any interference with the fluppVj oS «,\i ■anawav 
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enry, by givmg nuiformity to the qUBBtity of gas passing 
from the bridge to tbe fluo; einco, by firing the two fumaoeB 
tilteniateli/, the supply of gaa ia eqaalised on entering the flue 
from the bridges. 

This plHD had the disadvantage of the split fltie at the 
back end, where, as M. Peolet observes, (As hotter 
itronger current tcilt ahvays neutralise the other. In prao^ 
lice, a Htrong or hot cnrrect of gaseous products will noa^ 
voinntariiy, divide itself, to meet the arrangements of t 
flusB : the whole, or nearly so, will pass either to the C 
or the other, in proportion to the temperature then in th< 
flue, or to the length of the course each has to rt 
funnel. 

The plan in Fig. 96 was adopted with the view 
dividing the gaseous products, aud thus spreading I 
heat along a doable surface. This, however, v 
defective, in as much as a gaaeona stream cannot be induced 
to divide itself contrary to the laws governing the cnrrealf 
of fluids ; the hottest aud shortest course being always 
taken by the gaseous products. 

The plan of a land boiler, as in Fig. 96, is that of i 
still more ohjectiouable eflort to divide the current into" 
two smaller flues, with the view of increasing the internal 
surface. Here, the fluo, after passing under the cylindrical 
toiler, and returning through a central flue, is espccted to 
divide itself into tfvo streams, one to pass on each side of 
the boiler, on thoir way to the chimney. This is the case 
referred to by M, Peclet. A commission, be observes, from 
the Somite Imhislrielle of the Grand Duchy of Hesse, made 
a series of experiments to determine the influence of the 
circulation of the products of combustion round boilers. 
3y these it was proved, that the flue passing round the 
boiler had a considerable effect on the amount of evapo- 
ration. It was also established, that if the products paes 
flimultaneously by the two side flues, they will wl distributt^ 
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tlxemselvet equaUy, arid aUl only past by that which repreitnts 
the least resistanea. 

On the external circumstances that iDflnence the draaght, 
M. Feclet adduces many proofs of the importance of avoiding 
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ny interference with the mtrodnction of the air hj reason 

f the dtrecHo i of the i md o liside the hmlding Ihis is a, 

circamstauce which has exc ted no attention from our 

\ Uigueera In manne boilers, placed low down in the 
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voEsel, the direction of tho wind, with reference to that c 
the current entering the furnace, has often a uonsiderabki 
effect on the efficiency of the comhastion. 80, if the wind 
is opposed to the motion of tho vesael or the reverse. Tho 
importance of this considerntion is exemplified where th« 
voBsel contabs two boilers, having their furnaces facing 
dififerent ways. In euch ca^e, according to the direction 01 
the wind, or tho motion of the vessel, one boiler will have ft 
bettor draught than the other. 

In a discussion at tho Society of Arts, on the subject of 
the prevention of smoke, Mr. D. K. Clark " testified to tha 
advantago of a rapid, or rather, intense draught, in per- 
fecting combustion and extinguishing smoke." " Ibis," 
obsorvod, " was tho panacea he constantly held forth for thft' 
universal prevention of smoko in largo furnaces." Mr 
Clark's views are, unquestionably, well founded ; but thi 
practical difficulty lies in the obtaining this " iutenH 
draught," or an adequacy of draught for even imperfeo 
combustion, in many marine boilers. 

The absolute commmtd of draughl for the generation c 
the required quantity of steam, to enable the engines t 
work to their full power being then so essentiai, it become 
a question whether other nieam than the natural draugh 
should not be resorted to ; since, independently of the uncei 
tainty in the amount of draught, and the consequent i 
gularity in the working effect of tho engines, the cost 
sustaining that draught may be so much in excesa of wha 
an artificial draught would bo. 

This branch of the subject has excited little attention i 
this conntry. M. Peclet has investigated it with hia nsoi 
care, and his resuits are worthy of record. "Where 1 
draught," ha observes, "is created by the expenditure ( 
fuel and heat, the expense exceedt one-fourth of the con 
biittible used. If we have not the means of otherwj 
employing that heat, the natural draught, by the oh" 
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admissible. If, however, that heat may be made 
) for the purposes of evaporatiooy and if a draught, 
:aUy\ohtained, would cost less, it would then be 
vantageous to use it." 
g other proofs, he gives two instances which 




Fig. 97.— Mechanical Draught. 

\i the fact. One, the hot baths on the Seine at Paris, 
lit of which was, that what was effected by the 
)f one man alone, when the draught was mechanically 
d, cost the value of seventeen men's labour when 
id by the natural draught from the heat of the 
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The second caae was that of a large brewery, where the 
power employed was that of 200 horseB. In this instance, 
a renlilalor tehtch employed Ike power vf but six horses, 
vat suJiei^U to produce a thauijht equal to that of 50 
hartn, obtained by meam of the nattiral draught q( the 
climnet/. 

Ho then proceeds to confidor the relative merits of the 
sevenil doacriptions of ventilators ; and comee to the eon- 
olusion, that the rotary fan with plain wings, but with the 
eccentric motion is to be preferred. The mode recommended 
for its application is given in Fig. 07, where, by means of 
an exhamting Jan, the heated products were directed into 
the ordinary chimney shaft. 

This opens a now field of inquiry, which is far more 
important than any question arising from the mere relative 
cost of the natural or mechanical draught, the best con- 
structed boilers not unfreqnently being insufficient, from 
the mere circamstance of a deficient dranght. 

Impressed with the importance of the subject, several 
experiments by means of a fan apparatus, worked by a small 
steam engine, were made. The arrangement, as described in 
Fig. 08, also afforded the means of deciding many important 
points connected with the length of run, — the working tem- 
perature in the flue, and that of the escaping products at the 
chimney. In this Fig. A represents the boiler, 15 feet long, 
with an nppor returning flue, having its own chimney A' 
furnished with a thermometer C, and a damper D, Houlds- 
worth's pyrometer P being connected with the return flue 
farthest from the furnace. Two sight apertm-es were intro- 
duced, — the one at S, opposite the furnace, to observe the 
action of the air, introduced through the door and air -box 
above it, as already described ; the other 8' looking into the:, 
upper fine. 

To test the practicability of converting the great bea 
which escaped by the chimney, an auxiliary boiler B 
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attached, by means of a continuation fine E, and fxunished 
with a separate chimney B, with an exhausting fan F, to 
produce an increased draught. This auxiliary boiler had 
two thermometers, to ascertain the temperature of the 
escaping products, C" and C, and a damper U, so thskt the 
two boilers might be used separately or conjointly. 

Experiments with the auxiliary boiler and exhausting fan 
draught : — 



Ezperimenta. 


Coal used 
per hour. 


Water 

evaporated 

per hour. 


Water 

evaporated 

per lb. of 

CoaL 


Pjrrome- 
terheat 
in flue. 


Tempera- 
ture of 

heat es- 
caping. 


1 With fan draught. 

2 With ordinary) 
chimney draught, j 


265 lbs. 
215 lbs. 


2454 lbs. 
1552 lbs. 


9-26 lbs. 
7-21 lbs. 


1025° 
725" 


650* 
410* 



The effect produced by the fan draught was thus not only 
to increase the evaporative power of the boiler, within the 
Iiour, from 1552 to 2454 lbs. of water, but to increase the 
evaporative effect from each pound of coal used, from 7' 21 lbs. 
to 9-26 lbs. 



CHAPTER XVI. 

OF THE TUBULAR SYSTEM AS APPLIED TO MARINE, 
LAND, AND LOCOMOTIVE BOILERS, IN EEPERENCE 
TO THE CIRCULATION OF THE WATER AND THE 
PROCESS OF COMBUSTION. 

Having considered these subjects in reference to flue boilers, 
we have now to examine them in connection with the 
tubular system. The annexed views of a locomotive and a 
tubular boiler will enable us to appreciate their respective 
peculiarities. 

In the locomotive. Fig. 99, the furnace compartment, 
called the fire-box, is placed at one end of a long boiler, 
and so apart from the tubular compartment, that, as 
regards the objects of circulation and evaporation, they may 
be considered in the light of separate boilers. 

In the marine boiler, as in Figs. 100, on the contrary, 
the tubes, placed directly over the furnaces, become en- 
veloped in the atmospliere of steam generated, and rising 
from the latter. This is virtually the placing one boiler 
over another : — a tubular over a flue boiler, and within the 
same shell. By this arrangement, the steam generated from 
the furnace department (and which is necessarily the largest 
in quantity) cannot reach the surface without passing through 
the numerous close sets of tubes, and the steam and water 
which surround them. 

So also of the water ; it can neither ascend or descend 
without first working its way through the intricate mazes 
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presented by the tnbca : — no more certain method, therefore, 
couid have been devised for producing ti mischievous inter- 




IfereDce with the respective functions, both of the water ai 
the steam. Here, then, is another violation of 
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' no pari of the heating Bor&oe should be bo Hitoated 
he Bteam may not readily rise from it, and escape to 
Tface of the water." 




proceeding to consider the marine tubular boiler, it 

'ell to take one of modern oonBtruction, and examine 

arrangements are in accordance with the opera 
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Uona of nature, and particularljr as to the followiiig points 



lat. The proportions of the furnace. 

2iid. TKd diataocc the flamo and heat hsTo to travel. 

BriJ, The time avoilaUe for giving out heat. 

4tk. The aduu^ioQ of the air. 

Sth. The oirculatioD of the eteBm end water. 

6th. Tho efTeets of tiie tubes, oa heating aurfiteea. 

Tth, Tho eeouomyi 



First. — Of the proportions of the furnaces, A remarkable 
feature of this boiler is, that its entire nrea Taay be ' 
eidered as one large furnace, indicating the dopendenC' 
this department for the supply of steam. As to its Beveral 
parts, there is disproportion overyivherQ. Tho chamber 
above the fuel is cot one-half the size it should be in propor- 
tiou to its length. Allowing a proper body of fuel on 
bars, there will not bo 12 inches space between it and the 
crown plates ; yet in this shallow chamber, and onder 
influence of a r;ipiii current through it, all the operations of 
gas making, gas heating, mixing with the air, and combns- 
tioc, arc to be carried on. 

Bo of the ash. pit ; although above 9 feet long, it has bat 
an average depth of 18 inches. Thus the spaces, both above 
and below the fuel, have the character of long narrow pas- 
sages, causing injudicious longitndinal currents, and coun- 
teracting oil the processes of nature. 

Second. — Of ike distance which the flame and heat I 
lo travel. The defieieney is here remarkable, there being, ' 
in fact, bat a few inches of lineal nm between the fuel and 
the first range of the tubes ; eay from A to B. It may then 
be asked, what is to become of the great body of flame and 
hnif-bumed gases rising from the coal on an area of 20 
square feet, the bars of each fm'nace being 2 feet 6 inches 
wide, by 8 feet in length ; the six furnaces of each boiler 
thus presenting an aggregate bar surface of ISO square feet, j 

The inference is, that the tabular boiler (accompanied by^j 
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""a ahorii run, with a large area of fire-grate, and nBing bitu- 
minous ooa!) is wholly incompatible with perfept eomhTis- 



1 




tion, and obtaining the due meosuic of boat inim ILa fuel 
and flame. 
Third. — 0/ the time allowed for t'^'^S "*"* i^c^o-i, Tb» 
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^^m:gtieslion of time and dUtance being so directly counscted, 
^^Bvhntever influcncea the one must have a corresponding 
^H^flffect on the other. When, however, we consider that the 
time or interval that can elapse between the passing the 
flame from the fomace, and its reaching the tubes, can be 
but a small fraction of a second, such must be wholly in- 
sufficient for giving out the heat &om so enormous a body of 
Aame. 

Fourth. — Of tbe admUnon of air. No provision whatever 
is bere made, apart from that by the ash-pit. The manifest 
error of such nn arrangement vfill be best understood by 
pointing to the utter impoBsibiiity of the 800,000 cubic feet 
of air required for the gas, together with the 600,000 cubic 
feot for tlie coke from tbe three tovs of i-oal hourlij contuvied 
on the bars, to find access through the body of coal resting 
on thera. 

Fifth, — Of the cireulatioti of the crater. In this boiler 
nothing has been done in aid of tbe circulation, but much, 
on the contrary, to embarrass both its ascending and 
descending currents. This ia even aggravated by the cir- 
cumstance of the water space, at the back end, which in 
flue boilers, as being the coldest, and farthest from the 
furnaces, and most favourable for the deacendimj icaler, it 
here the hottest; the great body of flame being projected 
directly against it at C, and therefore most unfavourable for 
that descending current. 

Sixth. — Of the tubes, oe lieuting surface. In tho marine 
tubular boiler, where cool is used, and no transparent gaseous 
products exist, but on the contrary, where there must be 
always a large volume of fuliginous gas and flame, the tube 
ystem ia wholly inapplicable. 

Seventh. — Of economy. In the use of fuel in this boiler, 

economy is out of the question. The great supply of steam 

^^ being generated from tho radiated boat and impact of t 

^L flame in tbe furnaces, the ayatem oi forcing the fire 
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n absolute essential; the greater the weight of coal consumed 
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Fifir. 102.— Boiler of the "Xeecto." 





^ 



I given times, the greater being the amount of available 
ime produced. 
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A further disadvanlaga of the marine tiihnlar boiler is, that 
thero is iio place for t!io deposit of soot, sand, ashes, and 
other matter which liccompaciea the nse of coal ; or tha 
scale or Bediment wliich is found both inside the tabes as 
Tvell BB outside of them, in the narrow water-Bpaoea. The 
result is, that all this matter aocnmulatoa in the tnhea and 
bottom of the smoke-box, requiring constant attention for its 
removal. 

A practical illustration of the disadvantages of small Inbea 
was afforded in the boiler of the steam-voasel, the Lee/k, 
in whiuh, for the express pnrpose of deciding the question, 
one-half the hoUer was constructed with tubes of 8 inches 
diameter ; the other having enlarged tubes of 7 by 5 inches, 
as shown in Fig. 102. 

The result was, that for years no repairs whatever were 
refiuired in the latter, while tho former was a continued 
souTCO of annoyance and expense ; besides that, it was less 
effective aa a etcam generator. Many of the small tubes 
had to be renewed ; tho water spaces were liahla to be filled 
with incrustation; and tho face-plate, in which tho tabes 
were inserted, required to he drawn in, and the tubes again 
riveted ; innumerable patches and additional holts were from 
time to time introduced to secure the back face-plate, and 
keep it in its place. 

Here also was a practical confirmation of tho fact, that 
tho more circumstance of having a larger aggregate surface 
had no effect in producing increased evaporation, the 
aggregate surface of llie small tubes, in the one-half of the g 
boiler, being tlouhle that of the htnjcr ones in the other half. 



CHAPTER XVn. 

ON the" TTSE OF HEATED AIE, AND ITS SUPPOSED | 

VALTTE IN THE FUENACES OF BOLLEES. 

AuoNd the devices by whicli the pablic have been led astray, 
may be mentioned, the aso of hoUow bars, sapplementnl. 
flues, calorific plates, self-acting valves, double grates, heatacl 
tubes, and such like contrivances. 

When these so-called inventions cama to be esaminc 
was found that they were incapable of imparting any sen 
degree of heat to the great volume of air required, Tl 
they were, in fact, but bo many proofs of the ingenuity of 
their respective advocates, and of the ease with which the 
public may be imposed on ; and that the announcement of a 
seheme for consuming, or preventing smoke, by the nso of 
hot-air was a mere professional and ad capinitdum averment, 
based on no principle, justified by no proofs, and supported 
by no chemical or practical authority. 

The idea that there was some undefined value in the use 
of hot-air, originated in the hot-blast system in the mana- 
factnre of iron. The principle or process by which iron may 
be melted has, however, bo little relation to that by which 
the combustion of the cool gas in furnaces is efl'ected, that 
no analogy whatever exists between them, 

To show in a BtiU stronger point of view the deception 
practised, either on themselves or on others, it may be 
observed that it is not to the coJie or incandescent part 
the fuel on the bars that these patentees woidd apply the 
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hot air, (as is done In tho iron funiacea,) but to the ijases in 
the furnace cbamber, whore tho great dispropoiiion between 
the relative bulk of the air required, and the gas, is already 
80 obstructive of rapid union and combustion, and one of thfl', 
great difficulties to be encountered. I 

With reference to tho use of hot-ab in boiler furnaces, no' 
inquiry appears to have been made, either as to tho tempera- 
ture to which its advocates would raise it ; or even whether, 
by any of their plans, it would be heated at all. Still there 
was something so plauHiblo in tho enunciation of a plan 
"for consuming smoke by means of hot air," that it was 
listened to by many who had no means of investigating its 
supposed merits, or detecting its fallacy. 




28 nitrogen, B OKygen. 



! 



The first question for inquiry here is, what would be 
effect of heating the air before it would be introduced into 
the furnace? Chemkallij, no change whatever is effected. 
Meehaniealli/, however, an important change takes place, 
namely, that its already unwieldy volume is still further 
increased. Thus, if a cubic foot of air bo heated one addi- 
tional degree, its bulk will be increased riu part; conse- 
quently, if heated by an addition of 480 degrees, its bulk will 
be doubled. 

Let ua then see if any effect be produced on its constiUi- 
ents by tliia enlargement of its volume. Let Fig. 108 repre- 
sent a body of iiir at the temperature of 32°, and weighing 
36 grains, viz., 28 grains of nitrogen, and 8 grains of 

:ygen; these being the proportions as they csist in tlift 

mosphere. 
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Again, let Fig. 104 represent the sanie weight of cdr, heated 
to the temperatnre of 82 + 480 = 512'' ; its bulk being 
then doubled. Nevertheless, there are still bnt the same 
relative weights, viz., 28 grains of nitrogen and 8 grains of 
oxygen, and no more. 

Now, as the efficiency of the air in producing combustion 
and generating heat is not in the proportion of the bulk^ 
but of the weight of oxygen it contains, nothing has been 
gained by such increased temperature; while this great 
practical disadvantage has been incurred — that double the 
volume of air must be introduced into the furnace ; and, of 




Fig. 104 —Air at 32° = 36 grains = 28 nitrogen, 8 oxygen. 



course, double the draught must be obtained before the 
same quantity of gas can be consumed. 

The practical inconvenience of enlarging the volume of the 
air by heating it is easily illustrated ; for if the oxygen of 
800,000 cubic feet of air, at atmospheric temperature, be 
required for combustion of one ton of coal, it would require 
that of 600,000 cubic feet if raised to 512°— a volume which 
no natural draught would be equal to. 

Sir H. Davy says : "By heating strongly gases that burn 
with difficulty, the continued inflammation becomes easy." 
Thus, as they are more easily inflamed when hot than cold, 
we have this testimony in favour of heating the gas rather 
than the air. With reference to heating the air, and thus 
expanding it. Sir H. Davy does not appear to have attempted 
'^ ? but he has done what was more to the point — he tried 
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the effect of condensing it. Professor Brande says : ** Si 
n. Davy found considerable difficulty in making the experi 
ments with precision ; but he ascertained that both the ligh 
and heat of the flames of sulphur and hydrogen were increase^ 
in air condensed four times. ^* This is decisive against heatin 
the air, and in favour rather of condensing it. 



CHAPTER XVIII. 

ON THE rNELrENCE OP THE WATER GENERATED 
IN FURNACES FROM THE COMBUSTION OF THE 
HYDROGEN OP THE GAS. 

The fact of the great quantity of water produced admits of 
no doubt. Bituminous coal, we have seen, contains from 5 
to 6 per cent, of hydrogen, and as each pound of hydrogen, 
in combustion, combines with 8 pounds of atmospheric 
oxygen, the product is 9 'pounds of water. Each hundred- 
weight of coal, then, containing on an average 5J pounds of 
hydrogen, the product will be nearly 50 pounds of water. 
Thus the gas from each ton weight of coal will produce 
about half a ton weight of water, in the form of steam. 

When the coal gas is generated in the furnace, the first 
operation towards its combustion is the union of its hydrogen 
with the oxygen from the air, forming water. This chemical 
union, as already shown, produces that intense heat which 
raises the other constituent — ^the carbon, to the temperature 
of incandescence in the form of bright visible flame. It is 
this heat which, on being applied to some solid body, as 
charcoal, or lime, produces the extraordinary luminosity 
exhibited in the oxy-hydrogen microscope. 

By the apparatus shown in the annexed Figure 105, this 
water may not only be condensed, but collected. It consists 
of a tin vessel, a, about four feet long, filled with cold 
water : — ^the flame of a large gas burner b, and the heated 
*^Todacts passing through the flue o, slightly inclined fronpi 
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to D, to favoTir the escape of the condensed water of 
combustion. 

The flame and other products of the gas being directed 
through the flae, the steam will be condensed within it, and 




the water will continue dropping from the lower end into 

the vessel e, as long as the flue remains sufficiently cold : 

the other products passing off by the funnel, and at a very 
low temperature. 
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In boilers on the flue system where there is sufficient 
room, this steam produces no ii^'arioas effect, by reason of 
its having space to separate itself from the flame, as rapidly 
as it is generated. 

In the tabular system, however, the injurious influence of 
this mass of steam is serious and palpable. 
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riNCEEASINa TUB IIEAT-THANSJIITTIKG TOWER OFJ 
THE INTERIOR PLATE SURFACE OF BOILERS. 

Under tho raoat favourable circumstance 8 of boilers, a 
larger portioD of heat will bo lost thau would bo roquired 
for merely producing the nocosBary draught. Experimonts 
were, therefore, made with the view of counteracting thie 
groat wasto of heat, and which established the fact that it 
was possible, to a certain extent, to increase the quantity of 
heat transmitted by any given Burfaco of plate. It iB 
true a plate, 10 foot by 10, oqnal to 100 sqaare foot, 
presents the enmo amount of Burfaco area as one of lOQj 
foot long by one foot wide. As a Bteam generator, howeV( 
tho effect would bo very different : — the luteal ru 
distance travelled over being as 10 to 1, and ocoupyin; 
seconds of time in the first, and but one secuud in the other. 

"When tho gaBOOUS products of combustion are earned 
through flues or tubes, this lineal current passes at right 
aiijles to the line of tmnsmmiim of heat through the plate, ' 
If, however, we heat one end of a rod of iron, a large 
conducting power ia brought into action, the heat passing 
longitudinally along its fibres. Now this is the power that 
has been here rendered available. 

Independently of the comlucling power whieh a metallic 
pin or rod may have, it possesses thon n receiving power, 
greater than is due to its mere diameter, 
I Snppose on iron ot copper pin of half an inch diami 
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inserted in a plate, and projecting 
into the floe three inchei beyond it» 
surface, and across the current of llie 
heated producU. In snch csBes, the 
portion of Bach plate occupied by it 
-will be eqnnl to a disk of bat half 
an inch in diameter, while the pin 
itself -will present a heAi-receivimj 
surface of i^ inches. By this means 
we obtain an effective heai-receiving 
Bnrface, nine times greater than tho 
area of the plate which tho pin 
occupied. If, then, a scries of thcso 
conductors be insetted in the flue 
and fnmace plates, there will he an 
increased cfTect from the circnm- 
Btance of the cnrrent of the heated 
prodncts being directed against them, 
instead of passimj alomj the surface 
of the plate. 




Fig. lOT.— Conductor rinB. 



The popular impression that the 
_ three-legged pot boiled sooner than 

"-.tai-OonaoohnPio* the one ■without legs, though it 
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passed as a fable, was, nevertheless, a true one, — ^the legs 
acting the part of heat-condactors. This was tested by 
having a large pitch-pot constrncted with twenty legs instead 
of three — the bottom being thus famished with so many 




projecting conductors, each six inches long. The result was, 
that pitch or water was more rapidly boiled in this than in 
one of the ordinary kmd. The principle of projecting heat 
conductors thus was shown to be entitled to attention, and 
practically available* 
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The followisg experiment is illiiEtratiTe of the increased 
evaporative effect produced b^ the conductor pins. In 
Fig. 106, 1 and 2 are tin vesselB containing the same 
quantity of cold vater, 1 being famished with the con- 




Fifb IW.— E^pgist*a 1 1bb 



Fig, no.— EvapoiBled 8 lb 



dnctors made of i copper wire, and two left plain ; a 
thermometer, 4, being snapended in each : 5 is a vertical 
flae, throagh which the products from the flame of a 
luge gaa-borner passed. Fig. 107 is a sectional view of 
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the Bame. The temperaturo in both vesBels was taken in 
two miuutea' time. The following are the progresBiTe rates 
nt which the water was raised to tho boiling point. 



Put with Conducton. 


Panwithcmt Conduct™. 


Iniliiil Tomperatur 


0, Gl' 


Initiiil Tcmpenitllr 


e, 61' 


IG . 163' 


Afier 2 minuteB, 


76' 


After 2 miautcB 


70° 


18. 17 r 




D6° 


» * .t 


82' 


20 . 181* 


.. B 


124° 


1. 6 » 


101' 


22 . 188' 


.. 8 ., 


101° 


.. s „ 


118° 


2i . IB6' 


.1 10 


177" 


.. 10 .. 


130° 


26 . 203° 


„ 13 


2or 


.. 12 „ 


H6° 


28 . ZIO' 


., 13 


212- 


i> H „ 


166° 


20 . 212' 



Thus it appears that the vrater in the pan with the bcat-i 
conductorB, was raised to tho temperature of 212° iu 
minutes, while that in tho plain pan required 20 miuntea. 

Tho following oxperiment shows still farther tho value 
assisting tho evaporative power by the aid of these ei 
dnctore. 

Three tin boilers, as in FJgs. 103, lOS), 110, were placi 
in eounoctioa with a large laboratory gas burner. In each 
was put 22 lbs. of wator; 30 cubic feet of gas were consumed 
in each experiment, in two hours and forty minutes. The 
rcBult was as follows : — 



Fig. 108, without conductora, evaporated 4 14 of water, 

lOB, with cDnductoTion one side only 7 14 „ 
110, Tvith conductora projoctiiig on 

both sides .... 8 6 „ 






The quantity of gas consumed was the same in both 
oases, ^the heat generated was the same, — tho area of flue 
plate wfia tho same, — the difference in effect was therefore 
alone produced by tho greater quantity of heat transmitted to 
the waler, lumjUndinally, throujli the conductors. 

Iu this case, the beat conveyed to the water, and that I 
escaping by the funnel, showed that where the waste heaf] 



^^ 



HBAT-TRANSMITTING POWER OF BOn.£R STJBFACB. 169 

was greatest, the evaporative power was necessarily the 
least. 



Pig. 108. 


Pan without Conductors. 


Gas consmned. 


Heat of Water. Heat escaping. 




58 ... . 62 


5 feet . 


120 ... . 382 


10 ... 


152 ... . 390 


15 ... 


162 ... . 395 


20 ... 


164 ... . 396 


25 ... 


166 ... . 402 


30 ... 


166 ... . 406 


• 


988 . 2432 



Evaporated 4 lbs. 14 ounces. 



Fig. 109. Pan with Conductors projecting on one side. 



3 consumed. 


Heat of Water. Heat escaping. 




58 ... . 


62 


5 feet . 


143 .. . 


257 


10 


160 ... . 


280 


15 


172 .. . 


385 


20 


178 .. . 


392 


25 . . 


186 .. . 


300 


30 


188 ... . 


320 




1085 


1996 



Evaporated 7 lbs. 13 ounces. 



Fig. 110. Pan with Conductors projecting on both sides. 


Gas consumed. Heat of Water. Heat escaping. 


58 ... . 62 


5 feet . 


152 ... . 248 


10 


174 . . . . 273 


15 


178 ... . 276 


20 


182 ... . 278 


25 


186 ... . 282 


30 


188 ... . 284 


1110 1703 



Evaporated 8 lbs. 5 ounces. 



HcatrolniDea. 


HcatlMt 


PftUB without condnetorfl 088 


2433 


„ Binglo conduc'tors 1083 


1990 


„ douHo conductorB UIO 


1703 
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^^^'•Tbc compariBon of the three pana then stciiidB thus : — 

^P Conductor pins were applied to the boilers of a six-horae 
ehgino, Tho result w&s, that each inch deep of water, 
which provioTtsly required tweuty-eight miimteB to evaporate, 
was, by means of tho conductors, done in twenty-one 
minutos." 

Encouraged by those resultB, conductor pins Lave been 
introduced into mony marine ocd land boilers with nnqnes- 
tionable euccoss. After many years of obBcrvation aa to 
their durability, the conclusion is, that a projection into iham 
flueB of three inches is the most adviBaUe. If longer, they) 
will burn awsy to about that length. 

SuppoBing the conductor to be made of hulf-inch rods, 
And iuBortdd at mtorv'nls of tbrco inches, the strength of tlia 
plate has been tested, and found to be rather improved, tho 
conductor pins apparently acting the part of floor bridging, 
and giving in creased stiflhoss. 

Supposing tho area of the flue to be two feet Hcinare, then 
the introduction of the piu conductors may be as shown in 
the annexed Fig. lll.-l- 

Ab illustrative of the mode and extent to which the 
system has been practically applied, Fig. 112 and Fig. IIS 

" Dr. Urc, impresBed with the bame view, made somo osTorimenta 
with corrugated pktea, Tho effect, he otservea (aee his Dictionary of 
Arts), waa remarkable ; the water evaporated when the cmrent of 
heated products paaacd ucroaB tho corrugationB, and, as it wore, 
strildiig Bgokifit thorn ; heing so much greater than when it ran in 
the Bamo diroctioa. On tho same principle, the heat tninamltted waa 
increased when the current of tho products was inteiccptud liy tho 
conductors. 

t Tho principle of thoae conductor piaa has been adopted in sugar 
boiler pans, and other descriptions of evaporfltive vessels : and wou' ' 
A doubt he applicable to tho operations of brewing and distillinn. i 
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represent a plan and section of the boilers of '' The Royal 
William,*' These boilers were in constant use for nine 
years, and with the most perfect success as regards economy 
of fuel, — ^freedom from the smoke nuisance, — evaporative 
power, and durability ; the number of conductor pins was 
4859. 

The plan of the boiler described as Lamb and Summers' 
patent, may here be given, inasmuch as one of its peculiari- 
ties is connected with the use of the heat conductors, and 
precisely corresponding with the description given by M. 



^ 
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Fig. 111.— Conductor Pins. 



Peclet, — the flue being " traversed by metallic harsy^ and 
which here act the double purpose of stays (as in locomotive 
boilers) and heat conductors. 

In the boilers of the Peninsular and Oriental Steam 
Company's Ship Pacha, as in Fig. 114, the stays which act 
the important part of double heat conductors are of ith-inch 
iron : of these there are 1920, and as they act eflfectually 
on the water spaces on each side, do the duty of 8840 most 
6&ctive heat conductors. 

"" ^ Patentees state that the superiority of this plan over 
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Fig. ll2.-BoUerof the **J{oyal WiUiam,** 
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1 tabular " ooQBists in the facility for eleatimg ; 




, is, for the removal of the acale or deposit which takoa 
le so largely in the boilers of Bea-going vessels. The 
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veriioal water spaces of these boilers afford an easy means 
of cleaning the sides of the flues, and so enable the water to 
come in contact with the iron flue. That in tubular boilers 
the horizontal position of the bo.iler spaces between the 
tubes renders it an impossibility to clean them ; the conse- 
quence of which is, that a constant succession of deposit 
takes place. The flues of boilers which had been con- 
stantly at work for several years, presented no appearance 
of deterioration." 

The principle of these heat conductors is too self-evident 
to avoid adoption hereafter in all descriptions of vessels 
where heat has to be communicated, or abstracted. 



CHAPTEB XX. 



» So mncb has been said and credited on tbe enbjact of the 
hurtting and comhtniion and evon consitmplion, of smoke ; 
and it has been so often asked, What is smolie? that the 
subject cannot here ho dismissed without comment. 

When we see a dark yellow vapoar rising from heated 
ooftl, as at tho mouth of a retort, or from a furnace, or 
domestic fire, after fresh coal has been thrown oa, thu 
colour is not occasioned by the presence of carbon, but is 
caused by tho Bulpbnr, tar, or earthly impurities which 
might happen to be in the coal. All these are subsequently 
separated from the carburottcd hydrogen in the purifying 
process — tho gas remaming transparent — so minute nre the 
several atoms of tho carbon, and so dilFuEod are they when 
in connection with tho hydrogen. That tho solid carbon is 
titers, notwithstanding this transparency, is proved by ita 
anhsoquent liberation ; as when a polished body is thrust 
into the flame of a candle or gas jet, and brought out with t. 
deposit of the carbon on it. Carbou, in fact, when in 
chemical union with gaseous matter, is always invisible and 
intangible. Tho following experiment wUl sufficiently illna- 
trate these facts, exhibiting both the gas and the smoke m 
their separate states of existence, and with their separate 
characteristics. 

L Fig. 115 reprcBonta a tin vessel a, capable of hold!' 



Jt_ 



paiate i 



GENERATION AND CHAKA.CIES1STICS OF SliIOKB. 167 



ijnaii meftBure ; in it was placed some small coal, reein, and 
tar, to produce a qnicV and large devetopmeut of gas. Tho 




lid being remOTed, an iron, b, made red-hot, was introduced, 
and the vessel ^aia close corered. A sm&U \>u\)« \a 'On'a-o 
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isBerted at c, to be blown into, aa into a blowpipe, to expel 
the gaa in a stream. 

By blowing through thia tube, a copious volume of the 
gaa will issue from the nozzle rf. That the carbon in this 
gaa is inaccessible, is proved by presenting a sheet of paper 
to the streiim, and, although it may be slightly atained, if 
there be much tar present, no carbon will be deposited. 

On this stream of gas, many inches long, being lighted, 
a lurid flame will be produced, hut which, becoming cooled 
down before it can be sufficiently roixed with the air, pro- 
dnces a large volume of true smoke. Here, then, is exhi- 
bited the gas, the Jiame, and the simke, at the same 
moment, and in suGcesBion, just as they are produced in the 
furnace, — tho gas being converted into flame, and the flame 
into smoke. 

It may be well hero to notice an error with which we are 
generally impressed, namely, that the elondy volume of 
smoke, as we see it issuing from a chimney, and fillin g 
a large space in the atmosphere, is formed of carbonaceous 
matter. This black cloud is merely the great mass of aifam, 
or watery vapour, formed in the furnace, na already described, 
but coloured by the carhon ; and when we consider, that no 
less than half a ton weight of water (in the exipanded form oj 
steam) is produced from every ton weight of bituminous 
coal consumed, we can easily account for the enormous 
volume and maGs of this blackened vapour called smoke, as 
it appears to oar viBion, and the palpable error of supposing 
that this cloud of incombustible matter was capable of being 
consumed, or converted to the purposes of heat. 

Were it not for this mass of steam the carbon would soon 
fall, as a cloud of black dust ; but, being intimately anil 
atomicaily mixed with the large volume of steam from the ■ 
furnace, it is carried along by the atmosphere, only differing 
in colour, like the cloud of steam wo soo iasnmg from the I 
chimnoy of ft locomotive when in action. I 




A coNBiDEEATiojf of tlie nature of the products into whicii 
the combustible coDGtituents of coal ore converted in passing 
through the furnace and flues of a boiler, trill enable us to 
oorrect many of the practical errors of the day, and ascertain 
the amount of useful effect produced, and waste incurred. 
Those products are : 

let, Steam — highly rarefied, invisible, and inoombua tibia. 

2nd. Carbonic acid— invisible and incombustible. 

3rd. Carbonic oxide — invisible, but combustible. 

4th, Smoke — visible, partly combustible, and partly In- 
combustible. 

Ihe fourth — smoke — is formed from such portions of the 
Lydrogen and carbon of the coal-gas as have not been 
supplied 01 combined with oKygen, and, consequently, have 
not been converted either into steam or carbonic acid. 

The hydrogen so passing away is transparent and invisible ; 
not so, however, the carbon, which on being so separated 
from the hydrogen, loses its gaseous character, and returna 
to its natural and elementary state of a black, pulverulent, 
and finely-divided body. As such, it becomes visible, and 
this it is which gives the dark coloui' to smoke. 

Suppose the equivalent of air to be supplied in tlio proper 
im ftTnic r to the gas, namely, by jets, for in this respect the 
' 1 1 ifl the same as if we were supplying gas to the airj 
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the Argand gas-lamp. In such case one-half of the 




iig. 118.— Cnmburtion of furlmrelleil Hj-droeen. 

osygtn Bbsorbed goes to form Bteam, hy ita unio 
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bydrogen ; v/hUe the other half forms carbonic acid, by its 
tinioii irith the carbon. Both constitueiitB being Ihaa 
supplied with their equivalent volumes of the supporter, tha 
process would here be complete — perfect combastioa would 
ensae, and no smoke be formed ; the quantity of air em- 
ployed being ten times the volume of the gas consumed, 8e« 
Fig. 116. 

Again, suppose that but one-half, or any other quantity, 
less than the saturating equivalent of air were supplied. 
In Buch case, the hydrogen, whose affinity for oxygen is so 
superior to that of carbon, wouid seize on the greater part 
of this limited supply: while the carbon, losing its con- 
nection with the hydrogen, and not being supplied with 
oxygen, would assume its original black, solid, pulverulent 
state, and become true smoke. The quantity of smoke then 
would be in proportion to the deficiency of air supplied. 

But SBQoke may be caused by an excess as well as a defi-_ 
ciency in the supply of air. If the gas be injudiciously 
supplied with air, that is, by larger quantities or larger jete' 
than their respective equivalent number of atoms can irmnt- 
dialely comiine irith, as they come into contact, a coolinf 
effect is necessarily produced instead of a generation of heat. 
The result of this would be, that, although the quantity of 
air might be correct, the second condition, tha required 
temperature, would be sacrificed or impaired, the union 
with the oxygen of the air would not take place, and 
smoke would be formed. 

And now as to the relative quantities of the several con- 
stituents of smoke : 1st, of the invUible nitrogen, Ab 
atmospheric air contains but 20 per cent, of oxygen, the 
remaining 80 per cent, being the nitrogen, passes away, 
invisible and uncombined. If, then, a ton of coal requires, 
absolutely, for its combustion the oxygen of 800,000 cubio 
feet of air, the 80 per cent., or 2i0,000 cubic feetof inviaibia 
and incombustible nitrogen, forms the £rst ingredient of thia 
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black clond. 2nd, of the invisible earlxmic acid. Thia 
portion of tba cloud may be estimated as equal in volume to 
the 20 per cent, of oxygen which had effected tho combus- 
tion of the carbon bolK of ihe gas and the eohe of the coal. 
8rd, of the invisible tteam formed by the combustion of the 
hydrogen of the gas. In this 'nill be found the great Bource 
of the prevailing mis apprehension ; yet no facta in chemistry 
arc more accuTBtely defined than those which belong to 
the formation, weight, and volume of the constituents of 
steam. 

The next consideration is, as to the value at the carbon 
which prodaces the darkened colour of the smoke cloud. 
Now, the weight of this carbon, in a cubic foot of black 
smoke, is not equal to that of a xinyta grain. Of the extra- 
ordinary light- absorbing property and colouring effect pro- 
duced by the inappreciable myriads of atoms of this finely- 
divided carbon, forming part of the cloud of the steam alone, 
some idea may bo formed by artificiaUy mixing some of it 
when in the deposited state of soot with water. For this 
purpose, collect it on a metallic plate held over a candle oi 
gas-jet, and touching the fiame. Let a single grain u-eiyht of 
this soot be gradually and intimately mixed on a pallet, as a 
painter would, with a pallet-knife : first, with a few drops 
of gnm-water, enlarging the quantity until it amounts to a 
Bpoonfol. On this mixture being poured into a glass globe 
containing a gallon of water, the whole mass, on being 
stirred, will become opaque, and of the colour of iVift, Here 
■we have physical demonstration of the extraordinary colour- 
ing effect of the minutely divided carbon — a single grain 
weight being sufBcient to give the dark colour to a gallon of 
-water. Whatever then may be the quantity or number of 
its atoms, we see from the cloud of incombaatible matter- 
with which this carbon is so intimately aesociated, 
that even attempting its eeparation and collection, indt 
dendently of its combustion, borders on absurdity. 
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Finally, we see that the cause of the formation of smoke 
is, the absence of the proper supply of air to the combastion 
of the gas (the only combustible that it contains), at the time 
when from its high temperature of incandescence it was best 
fitted to receive it. 
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EXTaACTS FROM THE SECOND REPORT OF MESSM 
LONORIDGE, ARMSTRONG, AND RICBAEDSON 
THE STEAM COAL COLLIEIUES' ASSOCIATION, NEW.J 
CASTLE- UPON.TYKE. 

Oektlehen, — 

In submitting to you our fmiJier Report upon ths question 
which you havo roEt'ired to our decision, ve have to obflarvo, thnt it 
would hdVB been easy for us to hnvn sdectGd and submitted to tiial 
certnin o( the coropetitota' plana, and to luivo rpportod to you on tiieir 
tompatiitive inoritB at a much earlier period. But sucb a course woiiI4J 
neither havo done jurtiee to you nor to tho important question wl 
no had to decide, inasmuch as one ot tho principnl conditioua eatal 
lished for tho competition was, that tho plana submitted should 
diminish the ovaporativo power of tho boiler. 

It was, therefore, our firat oTiject to asoortain thig cvaporatd' 
as a standard of refcTGucc. 

Tho boilor built fur these cxponments presented no peculiar f e 
The annexed drawing will show that It was the ordinary type of 
marine multitubular boiler, such fis ia generally considered to pree 
the greatest difBculty as regards the prevention of smoke. 

It contained two fumacea, each tbroo feet wide, and 135 tubes 6^' 
feet long and three inches internal diameter, and had an aggregate 
heating surface of 749 si^uare feet. 

The heater, which was Hubsequenlly added, na mentioned in the 
ninth paragraph of our former Report, wrb used for the purposo of 
heating the feed water. It in no way altered the condition ot the 
boiler, except by reducing the temperature of the escaping gaaes, and 
thereby, to some extent, diminishing the draught and rendeiiog the 
preretttion o( Bmoke BOmowhat more diESoult, whilat, at tho 
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it slightly incroaflod tte ovaponttive offctt liy its additional absorliiog 
euxface. 

This increasa was, however, much loss than might hava been ex- 
pected from the Inrgs atisorting Burfaoe of the heater, which contiunod 
320 square feet ; yet it was found that, when tho products of combus- 
tion hefore entering tho heater were at SOD^ the passage through It 
did not reduce the temperature mare th&n about 40° to 60°. 

The whole u£ tho oxpcrimcntB with tho compotitoTB* plana wbto mode 
with the boilcT after the heater ■was added, as also troro tlioao madS 
previously for establishing tho standard of rcferonoa. 

Wo havQ established as the atandnni the means of a, series of expeid- 
ments during which the firing was conducted according to the ordinary 
eystem, cyerycare, however, being taken to get the majdmum of worit 
oat of tho boiler by keeping the £re-grateB clean and by freqnsnt 
stoking. No air wa^ admitted except through tho firo-gratos, and as n 
consequence much, and often a very dense smoke was erolved. 

As the economic effect of tho faal increases when tho ratio of the 
flro-grate surface to tho abaorbing surface is diminished, wc have 
adopted two ^oa of fire-grates, and consequently two standards of 
reference. With the larger fire-grate the amount of work dono by 
the boiler per hour is groatest, but this is done at a relative loss of 
economic value cf tho fuel as compared with the smaller grate. 

The oae gives us the etandard of ma.iimum cyaporativa power of 
toiler, — the other the atandard of mNriTnuTn economic effect of the 
fuel. 

The firo surfaces used for flying those st^idards were 23} and 16^ 
p';iaaro feet roapcttrvely. 

Each competitor was allowed to vary his fire-grate to meet these 
two standards, and in the tabulated forms hereinafter given, the result* 
obtained are compared with the standards as well as with the maximum 
results which we hava arrived at in our own eiperimenia. 

With these prefatory remarlta wo now proceed with our Report. 

The total number of plans submitted to ua was 1 03, which, upon 
examination, wo found might be arranged in tho following classes ; — 

1st Clase.— Eequiring no special apparatus, and depending upon I 
the admission of cold air into the furnace or at the bridge. 

2nd Class. — Hequiring no sx>ecial apparatus, and depending upon I 
admission of Aoi air into tho furnace or at the bridge. 

3rd Class.— Requiring special adaptations of the furnace of n 
or leas conjpleiity, but ytt applicable to the ordinary type of , 
marine boiler. The most of this claas admitting air above tho 
flre-grato surface. 
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*4th CUu. — Bequiring Belf-octiug or mechanical apparatus 
aupplying tho fuel, 
6tb Class. — The smoke buming system^ the principle of vbicb 
to pa«g the products of oomhustion through or over 
incandescent fucL This class might he subdivided into two, in 
ono of which the gases pass downward through a port of the 
fire-grate into a close ash-pit, and thence to the flajna chamber 
or tubes, and io the other the gases, &c., from one furnace are 
passed int{> the ash-pit and upwards through the firc-giats a( 
anothor furnace, and in which arrangement the process is altra- 
nat«d by a system of doors or dampers. 

Ifltb Class. — Proposing the admission of steam mixed with the 
into the fumnco as a means both of preventing smoke and 
creasing tho oTaporativo effect of the fuel. 
7Ui Class. — Such projects as are either impracticable or ; 
cable to the ordinary typo of marine b«ilerB, and cousequeol 
not in accordajice with tho cfitablished conditions, 
^e following table shows the number of plans sent in, ar 
tho aboye classes ; — 
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After full consideration we selected the foDowing plans tartdaim 



From Class 1, — Messrs. Uobaon and Hopkinson, Huddarsfield. 

tMr. C. TV. ■Wmiflms, Liverpool. 
Mr, B. Stoney, Dublin. 
From Class 3.— Jlr. Eobson, of South Shialda. 

We did not feel onraelvea justifleJ in frj-ing any of the otier plai 
at your expense, but in acquainting the remaining competitors 
our decision, wo stated that ne were read; to submit their plans a 
for trial if they desired it, in conformity with the fifth paragraph d 
the original advertisement. None of these parties, however, a 
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themEelvas of the opportunity tliUB given of teating their plana at that 
owncipenae. 

The standard of referencB alluded to in the 14th aadlStliparagrapha 
of the present Report are sa follows : — 





Fite-grate BSJ 


^4X?.U.»l 


A. 


B. 


A. 


B. 


Economic value, or lbs. of water eyapo- 
rated from 212° hy I lb. of coal . . 

burned per liour per square foot of 


9-41 

21-15 

2-62 
74-90 


11-16 

19-00 

2-93 
70-12 


10-06 

2100 

2-90D 
0601 


12-68 

17-26 

2-S9S 
57-78 


Rata of evaporation per square foot of 
fira-grate per hour in cubic feet of 
water from 60° 

Total evaporation par hour in cubic 
feetofwalerfromeo^ 



The columns A contain the standards of reference alluded ten as 
above, whilst tho colmnna B give the tneano/i/te Jesf reaults ob'ained 
by our own aiperiments w&en making no smoke. 

The first plan mibmitted for trial waa that of Jlr. Eabson, of 
Shields, which we selected aa a type of several of the plans comprised 
in Claas 3, and as in our opinion the most likely of its kind to prova 
sncceaafuL The principle of this plan ia to divide the furnace into 
two Sre-gtatea, the one at the back being shorter than the other, and 
placed at a lower level. This back grate is furnished with a regalsT 
door-frame and door, for the purpose of enabling the stoker to clean 
tite bara and remove the clinker when required. This door ia also 
provided with an aperture fitted wilh a throttle valve, and in the 
inside a distiibnting box perforated with helf-inch holes, after the 
manner pracliaed by Mr, Wye Williams. The front grate is like tho 
ordinary fire-grate, but witJioiit any bridge. The mode of proceeding 
ia to throw all the fresh coal upon tho front grata, and to keep the 
back or lower grate supplied with cindera, or partially coked coal, 
which is pushed on to it from time to time from the upper or front 
grate. No air is admitted at tho door of the upper grate, but ths 
g tuuing from it meet with tho correct of fresh air admitted 
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throDg-h the door oi the towor grate, and in pasung ovet the brigh 
fira up<m it nre to a greater or less degree conmuned. 

With respect to abBcnc« ot smoko, wo have to report that this p 
is odI; partially eucccssful. It dlmLoiahes tlie amount of smoke m 
dderably, but it requires mrefid and minute attention from tl 
stoker, otherwiso a good deal of amoka at times appears, nnd pi 
larly -when freah fuel ia pushed forward from tbo upper to the Im 
grate. 

Kir. Robeon's flro-grato surfftCJj was 32J sijaaro feet. 

As regards oconomic value of fuel and work dooc, the foUowing v: 
tho result : — 

Economic valus of fael .... 10-70 Ibe. 

Kate of combustion 16'60 „ 

Bate of STaporation per square foot per hour 2' 11 uubicfect. 

Total evaporation from 60' ditto . . TO-SO „ 

Oomparisg these results with the itandaid, we get 





BDtMpn. 


BUndsrf. 


Mor». 


!*». 


Areacfflre-^tfl. . . . 


33'fiD 


zeso 


Percent. 
14'03 


Per Cent 




10-70 


9'4I 


137 






]S'S2 


21-15 




2a'7 


Rate of evaporation . . ■ 


2-U 


Z'62 




lB-4 


Total evaporation , . , . 


70'60 


74'80 




'•' 



Prom this it appears that though tiere waa an iocreafie o 
value of fuel to tho aitent of 13-7 per cent., there wns a loaa of w 
done by the boiler to the extent of G'S per ceat,, and this, althong 
the fire-grate was greater by four square feet, or 14 per cent. 

This result may be traced to tho nHture of the apparatus. Owi 
to the largo admission of air at the fire-door of the lower or 
grate rcqaiaita to prevent smoke, the fuel on tho front gmto 
slugg^slily, and hence the falling off in thu ruto of combustion and Q 
work done. 

The heat in the bock grate was very intense, but the generation d 
heat being thus thrown nearer to the tubes, the efltct ot the absorlnig 
gnrface above the front grate was greatly impaired. 

We think also that the very intense heat in the back grate won 
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more injurious to the boiler and the tubes than the more equally dis- 
tributed temperature iiirliich results £:om the ordinary description of 
fire-grate. 

Another objection to this system is the constant attention required 
from the stoker, to keep the fires in order, and the difficulty in remov- 
ing the cUnker from the back grate, where it tends to form in con- 
siderable quantity. 

The next plan submitted to trial was that of Messrs. Hobson and 
Hopkinson, of Huddersfield. In this system air is admitted both at 
the doors and at the bridge. At the doors by means of vertical slits, 
which may be opened or shut at wiU by a sliding shutter, and at the 
bridge through apertures in hollow brick pillars placed immediately 
behind it. The entrance of the air to these pillars is regulated by 
throttle valves, worked by a lever in the ash-pit. There are also 
masses of brickwork placed in the flame-chamber, with the intention 
partly of deflecting the currents of gases, so as to ensure their mixture 
with the air, and partly to equalise the temperature. 

As regards prevention of smoke, we have to report that this plan was 
very efficient, though in hard firing it required considerable attention 
from the stoker. Whilst burning about 16 lbs. of coal per square foot 
of grate per hour, no smoke was visible, even with ordinary firing, but 
when the quantity was increased to 21J lbs. per square foot per hour, 
the fire required to be very carefully attended to, or smoke, though in 
no great quantity, began to appear. 

Messrs. Hobson and Hopkinson's fire-grate surface was originally 
27 J square feet, but this was subsequently reduced to 18 J square feet. 

As regards economic eflect and work done, the following were the 
results: — 



Economic value of fuel 

Bate of combustion 

Rate of evaporation per square foot per hour 
from 60° 

Total evaporation from 60° . . « . . . 



Fire Grate, 
27| Sq. Feet. 



lbs. 
11-08 

14-25 

Cubic Feet. 
2-18 

60-03 



Fire Grate, 
181 Bq. Feet. 



lbs. 
11-70 

21-50 

Cubic Feet. 
3-49 

63-62 
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Coraparbg Ihoio resulta with tho slundanU, we get — 





LABOE FIBE.QKATES. 








HobuDand 

Hopkto-n>. 


BUaiUrd. 


Hon. 


Less. 




Area dI flrc-srate , 


27-6 
Ihs, 

noa 


F««t. 
28-6 
lbs. 
S-46 


Percent. 

17- 1 


Per Cent. 

3-7 




B»l6 ot tsaaiboMtion 
SUoofsvaporatioii 


Cabio Feet. 
S'lB 


21-15 

Cubic Feet. 

2-62 




32-7 
le-B 






Total evaporation . 


60-03 


7*-80 




18-8 


1 












BUndard. 


Mote. 


leas. 




Area of firo-grate . 
Eooiiomia value . 


IB'Sfi 
Iba. 
11-70 


Feet. 
10-25 
lbs. 
lO'OS 


Percent. 
IS'3 


Percent. 
6-2 




Biklo oE Gombiution 
Bateofevaportitton 


21-50 

Cubic Feet 

3-(9 


21-00 

Cubic Feet 

2-900 


2-3 
19-B 


i 




Total evap, from 00° 


03-62 


fi6-01 


13-6 


■l 




From theso tabloi It appoara that with the Urge fire-gratfl there if^ 
u> incroase of economic value of fuel, although less work was dona : 
whilst with the emaU grates there wat a. decided inoreflBe both of 

the largo grate, we have no reason to douht that, although the economic 
value would have been somewhat less, the work done would havehe^| 
ip to the standard* ^^M 
Tho only objection to this Bystom is that the brickwork is liable fl 
crack and gat out of repair; hut we do not attach much importanat^H 
this, Its we beliere that the cxistescG of this brickwork is of no '~^^^H 
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qnence, and that the results obtained are due simply to the admission 
of air to the gases. 

The system is applicable to all the usual forms of boilers, the com- 
bustion is very good, and, with moderate firing, it does not much 
depend upon the stoker, and we are therefore of opinion that it com- 
plies with all the prescribed conditions. 

The next plan tried was that of Mr. C. Wye "Williams, of liver- 
pool. 

Mr. Williams' system, as is well known, consists in the admission of 
air at the furnace door, or at the bridge, or at both, by numerous small 
apertures, with the intention of diffusing it in streams and jets amongst 
the gases. In the plan adopted in the present instance, Mr. Williams 
introduces the air only at the front of the furnace, by means of cast 
iron casings, furnished on the outside with apertures provided with 
shutters, so as to vary the area at will, and perforated in the inside 
with a great number of half -inch holes. The mode of firing which Mr. 
Williams adopts merely consists in applying the fresh fuel alternately 
at opposite sides of the furnace, so as to leave one side bright whilst 
the other is black. 

The original fire-grate proposed by Mr. Williams was 22 square 
feet, which was subsequently reduced to 18 square feet. 

As regards economy of fuel and work done, the following were the 
results : — 



Economic value of fuel 
Bate of combustion . . 

Bate of evaporation 
Total evaporation . . 



Fire Grate, 
22 Bq. Feet. 



lbs. 
10-84 

26-98 

Cubic Feet. 
4-04 

88-96 



Fire Grate, 
18 Sq. Feet. 



lbs. 
11-30 

27-36 

Cubic Feet. 
4-31 

76-92 
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Comparing theie retolta with the Btandarda, wc get — 



LARGE FlBE-QBATEe. 


1 William.. 




More. 


I*«. 


Aies of fire-gnte . . 
Eoonomio t»L of fuel 
B«t4ofcoinhiution. 

EmtfloforaporaUon. 
Total evaporation . 


F»t. 
22-U 

IhB. 
10-84 

26 ns 

Cubio Peet, 
4'04 

..... 


Fwt. 
aS'S 

1b«. 

845 

21-15 

Cubic Feet. 

202 

7480 


Per Cant. 

US 

21-i 
61-2 
19 


PerCmt 
S4 




SUALL FIBE^RATES 








Wiliiinin. 


Stnndard. 


Uon. 


Lm. 


Area of flre-gnito . 
Eeafiomio v&lue . . 

Hato of ovapomtion. 


Foet. 
IS'OO 

Ibg. 

U'30 

27-38 

Cubic Foet. 

4-31 
76-92 


Faet. 
19-25 

IllB. 

lO'Oe 

21'00 

Cubic Feet. 

2B09 

eeoi 


Per Cent. 

12-3 

30-3 

48-0 
37-3 


6'S 



These rosulta show a large inctease ahovD the Btandard in 

TDSpOCt. 

Tho prBTontion of smobo was, wo may eay, practically perfect 
whether tho fuel burned was 13 lbs. or 27 lbs. pBroquarB foot per hour. 
Indeed, in one experiment, wo burned tho eitraordinary quantity of 
37J lbs. of coal per square foot per hour upon a grato of ISi aquaro 
foet, giving a rate of evaporation of BJ cobic foot of water per hour 
poT square foot of fire-grate, without producing amoke. 

No particular attention was required from the stoker ; in fact, 
reapeot, the nystem leaves nothing to deaiie, and the actual labour 
cvon less than that of tho ordinary mode of firing. 

Mr. Williama' ayBtom ia applicable to all deacriptions of 
boilora, and its oitromo simplicity is a great point in its favonr. 

It fully complies with all the prescribed couditionB. 

Tho nest and la,at plan submitted to trial was that of 3Ir. B. Ston< 
of Dublin, 
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In icimdple, so far oa regards tho preventioii of smoke hj Ota 
odmismon of nir throng}] the doors, and nt the front of the f umitce, this 
plan is identical vith that of Sir. WiUiame. Its peculiarity coimigta 
in the adoption of a shelf outside the hailer, forming, in fact, a, coa- 
tinoation of the dead pIa,to outwards. Upon IMb sholf tho frcah charge 
of eoala is laid in a laj-ga heap, ahout H^ of the heap heiog within 
the fomacc, and tho rest outsido, Tho door is a sliding frame, which 
shuts down upon the top of Ihia heap of coals, bo that air is admitted 
through tho hody of tho coals aa well as through porforationB in the 
front plate of the furnace. "When the furnace requires fresh fnel, a 
portion of that forming the heap, and which, to seme extent, has parted 
with its gaaea, is pushed forward and ita place made up by freeh fuel 
laid on in front. 

This plan did not succocd in preventing smoke, for whenever fift 
coal was puaheii forward upon the fire, dense smoke was evolved. 

We regret that Mr. Stoney was not personally present to aei 
result, which wo think would have entirely satiafled him that the 
method he proposed did not comply with this important condition. 
Under tieae circumatancca, wo did not proceed to dotermin 
economic value of the fuel or work done hy this aystem. 

In the following' tables the results in each case are compared with 
the standards, and also with tbose of oni own experiments when mahiDg 
no smoke. The former marked A and the latter B. 



lA&QE FniE-QEA.'TEa. 




stii.. 












psriment 




and Hop- 






Bl. f«t. 


feet 


t t 


feet 


sj.foot. 


Area of grate, square feet 


m 


itiii 


'32+ 


'27+ 


22 














water evaporated from 
212' by 1 Ih 


lbs. 


lbs. 


Iba. 








1M6 


10 '27 




10-84 














square foot of grate per 
























Bate of evaporation per 












square foot of grate per 


0. feet. 


0. feet. 


c. feet. 


0. feet. 


C. feet 


hour from 69° . , . 


2-63 


203 




a'lS 


4'D4 














feet per hour from GO" 


74'80 
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8MALL FmE-OKATES. 




^^ 


B. 




HohMi 






p™^ 


Egbson. 


■a^ 


Wimm 














Area of Grata .... 


















1 






water evaporated from 

air by lib. of coal . 


lb». 


lb». 


lb.. 


lb*. 


1006 


I2'fi8 




ii-;o 


11-30 


Bate of comtuition per 












square foot of grate per 














21'00 


I7'2S 


t 


21'SO 


27-3B 


Bate of oyaporation per 










wjnare fool of grate per 




c. feet 


H 




c, feet. 


hour 


2009 


2'B96 


a 


3-49 


4'ai 


Total evap. per hour , . 


oB'Ol 


67-78 




63'62 


76-B> 



With tho above reaulta before us, we are unanimoualy of opini 
that Mr. Willjiinu must be declared the succoBsful competitor, and "^ 
therefore avard to him the premium of £500 which yon offered t 
your advertisoinant of 10th May, 1855. 

It is true that in economic value of fuel the /abulaled results of 1 
WllliamB' trial are about 2 per cent, inferior to those of MesBra. Hobsi 
and Hoptdnson, but on tho other hand the amount of work done f 
much greater. 

By Mr, Williams' pkn tho quantity of water evaporated witli^ 
22 feet grate was 48 per cent, greater than with the 27 feet grate ui 
in Meurs. Hobson and Uopkineoa's case, and 20 per cent, e 
an 18 feet grate. 

Wo should also mention that, in an experiment not tabulated, H 
Williams obtained as economic value of 11-70, and a total cvaporatJoA 
of 01-fl9 cubic fcot,with a 22 feet fire-grate, resulta which eioeed those 
of Messrs. Hobaon and Hopkinson's Bxperiments, with 27J feet fire- 
grato, and equal in economic value of fuel their results with 18 feet 
flre-gratc. 

An important feature in Mr, Williams' system ia that it n 
snccessfully applied under vory varied eireumstances. We have aba 
given results obtained with flro-grates of 22 square feet and IS aqua 
feet ; but in order to test the matter still further, we reduced the &: 
grate to ISJ square feet, with the following result : — 
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Bate of corabnetion per aquare foot of gmto 

per hour 37-J Iba. 

Kate of ovaporation per Bquare foot of grata 
per hour 5*51 c. feet. 

Total ovaporation per hour . . . 85-30 „ 

Tho results which wo oiiraolves attained esceed, in economic valoB 1 
of fuel, nU the reBultB of tho eiperimentB made nith the competitorB' ^ 
plana. TMa was ehiefly the caae with the small firo-gratea, and "« 
due in a great degree, if not altogethpr, to the enialler amount of fuel ' 
burned per square foot of grate per hour. 

The conBequence of this was a more complete ahiorplian of the h 
generated, ao that the prodocts of comhustioa escaped from tha 
chimnej" at a temperature lower by about 200' when we obtained our 
best economic results, than they did during the triala of the com- 
petitors' plans. It must be remembered that this inis^aso in the 
economic value of the fuel ia obtained at the expense of the work 
done, but it is highly satiafactory to find that (as ia shown in colmmiB 
A nnd B of the last tables), the great inerease iii Iks eeonainu; valut ii uUo 
aceomptinied wUA a decided iiicreaie in h-di-4 done tehen perfect eomiuili«H 
U atlaincd and nimte prereitied. 

Before condnding wa might offer some further obBMTatioLfl upon 
the reaulta we have obtained, and on variooa interesting and important 
queationB which have presented themselves during the coune of ou: 
inquiries, but to da so in a manner at all satisfactory would be im.' 
possible within the limltd of a llcport like the present. 

We must, therefore, content ourselves with pointing out three chief 
conclnsionB at which we have arrived, and which, we believe, will prove 
of great advantage as well to your interests as to those of all ci 
uected with ateam navigation. 

let. — That by an easy method ofjiriag, coiiihincd xcilh a due admission 
of air in /rant of {h» funtaet, and a proper arrangement sfjirt-graii, t^t 
MNiMtDH efimoAe may be effectually prevented in ordinary marine inulti- ' 
t\^lar ioileri uihiUt uiing the eteaai coals of the " Sartley District " of 
Northumhertand. 

2ni. — That the prevention af smoke iaaeaaes the econmnio value of lit 
fuel and the evaporative poiver of the boiler. 

Zrd. — That the eoals from the Martlet/ Slslrict have an evaperalivt' 
power fullt/ equal to the best Welsh tteam coals, and that practically, i 
regitrde steam navigation, they are decidedly superior. 

This laat conclusion is contrary to the general opinion, which, based' 
upon the Heports presented ta Qovemment by Sir H. de la Beche and 
Dt, Lyon Playfair, is strongly in favour of Welsh coal. 

The effect of those Eeports has been to do the Northumberland 
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coal-field an immense injury and we feel this so strongly that vre beg 
to lay before you a few observations on the sobject in a short supple- 
mentary Report accompanying this. 

We cannot conclude this Report without bringing to your notice the 
services of Mr. William Reed, to whom we entrusted the practical 
managementjof the^long series of experiments which we deemed it 
right to make. 

To his intelligence and unwearied attention we are much indebted, 
and we can only add that we have every reason to congratulate our- 
selves and you upon having had the benefit of his valuable assistance 
throughout the whole of this long and important inquiry. 
We have the honour to be, Gentlemen, 
Tour obedient Servants, 

JAS. A. LONGRIDGE, 

18, Abingdon Street, Westminster. 

W. G. ARMSTRONG, 

Newcastle-on-Tyne. 

THOMAS RICHARDSON, 
Newcastle-on-Tyne. 
Nbwoastlh-on-Ttve, IQih January^ 1868. 
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INTilODUCTION. 

To prodace rapid combnetion and iutenee heat in a fur- 
nace, it ia necessary for the fuel to be rapidly supplied with 
air. A current of air mast in fact be kept constantly rushing 
throngh it, a deaidoratum which may be effected in two 
ways, eititer by aUowiug the products of combustion to pass 
into the chimney, at a sufficiently high temperature to pro- 
duce by their rarefaction a partial vacuum adequate to cause 
the requisite current of air through the fuel by atmospheric 
preBBure, or by comptessing the air by some inechaiiical 
appliance, and forcing it through. Thus sucking the air 
through the fuel in the firet instance, and blowing it through 
in the latter ; prodncing the current in one case by a partial 
vacuum behind, in the other by a compression before, the fuel. 
I Now, however compatible with the objects sought to be 
attained, and allowable as a question of economy, may be 
the plan of keeping up the draught through a fire, solely by 
the instrumentality of a chimney, where slow combustion 
enly is required, as in the case of the domestic grate, or the 
Cornish steam boiler ; whenever, on the contrary, rapid 
combuBtion and intense heat are a desideratum, such a 
system can only be carried out, and the air discharged by 
tha chimney at a temperature sufficiently high to produce the 
powerful draught required, by an enormous sacrifice of fuel. 
The result of the employment of this wasteful and mii- 
Scieutific system is seen m tho fact, that, m eVu&m. &'&^:iA% 
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Vhere an intense dranght is employed, the consumption of 
B 25 per cent, more than that of those 'where the pro- 
l^acta of combustion are reduced to a comparatively low 
fflperature before tbey enter the Btaok. In fact, unless 
■ nrorking with compressed air bo resorted to, we cannot hare 
I 'inulliim in pnn-o in a steam engine — gre«t power in tittle 
apace, witbout great waste of heat. To linrn a large quan- 
tity of fuel in a small area, we must have a rapid rush of air 
through the furnace, — to produce a rapid rush of air through 
the faraace, wc must have a powerful draught in the stack, 
— to attain a powerful draught in the stack, we must dis- 
charge the products of combustion into the stack at a high 
temperature, — and to discharge the products of combastion 
into the slack at a high temperature, necessarily entails an 
enormoua waste of fuel — the actual, though very unsatisfac- 
tory result at present. Enclosed in a vicions circle, each 
step in the process Is necessary and inevitable, as long aa bo 
erroneous a path is pursued, and there is no avenue of 
escape, but by having recourse to a blowing machine, and 
producing the required current of air, with x¥a part the fiiel 
at present wasted in the chimney, in effecting less efficiently 
the same object. 

In no case is the wasteful result of trusting solely to 
draught in the itacli, to create draught through the fuel, 
more striking, than in furnaces for the manufacture of iron. 
Here, from tho iron lying at the bottom of the furnace out 
of the axis of the line of draught, and the impossibility of 
causing the heat to circulate round it as in a steam boiler, 
only a small fractional part of the heat generated enters the 
iron. In fact, it is impossible to be otherwise, as the stack, 
acting the part of a suction pump through an orifice IJ foot 
in area, empties the furnace of its gaseous contents tivka in 
a second, keeping up at the same time a state of exhaustion, 
which draws in cold atmospheric air at every crack and 
eranny, and particularly in puddling furnaces at the working 
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hole I ozydising and wasting, or, eib the workmen Bay, 
waiting the iron. In tlie principal axis of the draught, the 
products of combustion tiart in a straight course from fire 
bridge to flae bridge, at the rate of 30 feet per second, and 
i&a, as a matter of course, leave but a Bmall portion of their 
heat behind them. If we contrast with such a state of 
things, that of a farnace distended with heat impelled by 
prQBsme &om behind, and struggling to escape in nil direc- 
dODS faster than a comparatinsty contracted neck will allow 
of, and Buffering moreover no cold air to enter, it will be 
aasily seen with which eystem the superiority lies. 

Injudicious as the method of working furnaces on which I 
have animadverted must appear to my readers, yet they are, 
I Bnapect, scarcely prepared to learn the actual results : viz., 
Jiat in a melting furnace, the amount of fuel consumed is 
iidequate to produce twelve times as much heat, as would, if 
ill absorbed by the metal, raise its temperature from 60° to 
ihe melting point ; whilst in puddling furnaces the dispro- 
portion is Btill greater, the heat generated being, if the 
tiiel employed be taken as an index, 16-fold more than 
lan be contained in the metal during any period of the 
)peratioii. 

Kow I am not so visionary as to suppose that a farnace 
oan be constructed so as to make all the heat generated 
enter the iron. It is impossible to isolate the body of heat 
contained in a furnace and prevent its loss by radiation, and 
tvhere processes requiring intense heat are carried on, from 
ihe necessity that exists for keeping up a rapid supply of 
fresh beat to replenish this loss, and enable the requisite tem- 
[lerature to be maintained, discharging also at the same time 
from the other end of the furnace, the slightly cooled, though 
ttill intensely hot gaseous products — the consumption of fuel 
must ever be very great, in proportion to the actual amount 
|f he&t taken up. la short, wo must never lose sight of the 
jat the quantity of available heat generated for any 
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proceaa, has no relation to the whole quantity generated, but 
is merely the amount of the excess of the temperature pro- 
duced, above the temperature required. Fully weighing 
these coEBiderationa, however, I am neverthelesH BtiU eaa- 
guine enough to believe, that the roHolta obtained in the 
puddling nud beating furnacee, may be effected with a great 
diminution in the quantity of fuel now conEumed ; and not- 
withstanding it ever muEt be necessary in order to keep np 
the requisite heat in the body of iron fnmaces, to discharge 
the products of combustion whilst etiU at a very high tempe- 
rature, yet at the same time, there is nothing to prevent our 
economising this heat, by applying it to various purposes for 
which its temperature, though no longer eqnal to the manu- 
facture of iron, is amply suSicient. 

The preceding observations must have made it apparent, 
that processes of manufacture requuring intense heat, and 
whore, as a necessary corollary, the products of combustion 
must be discharged at a high temperature, can never be 
economically conducted, unless some employment be found 
for the waste heat so discharged. In an iron work, none 
can exist more advantageous and convenient than the gene- 
ration of steam for the machinery employed. 

A vast field for economy is here open, by the introduction 
of the lyslern of uoiMiig with compressed air ; for without this 
invaluable assistant, our power to employ the waste heat is 
limited to a comparatively narrow compass, inasmuch as 
precisely in the ratio that onr arrangements for this purpose 
become more perfect, do we destroy the draught of the 
furnace. By the employment of compressed air, however, 
to furnish a current for the supply of our fires — and by this 
means only — do we possess the power of using the waste _ 
heat at pleasure, however high may be the temperatui 
demanded, and however keen the draught through the fi 
required. 
H I confess, I did at the outset delude myself so far as i 
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gappose that the notorious fact — that furnaces work better 
with a breeze blowing into the ash-pit, and also when the 
barometer is Mgh^ than when it is low — ^woold have secured 
a favourable opinion on behalf of a proposal for merely 
further carrying out these conditions, and making them 
eonstant by artificial means. Even with those whose know- 
ledge did not enable them to see very deeply into the matter, 
the analogy was, I thought, too obvious to be overlooked : 
observation has taught me, however, that where the mind 
possesses no fixed scientific principles for its guidance, eveiy 
process is surrounded with mystery, and every proposal for 
change invested with doubt. Incapable of separating the 
accidental from the necessary , no a priori convictions are 
possible. 




SmoB combnetion, in Uie oriHnanj acoeptation of the worj 
is tbe only mc-ans had recourse to in the arts for tbs devB 
]oi)itient of artificial heat, }ierfect combustion maj', for oit 
purpose, be defined to bo — the combination of a eombnstibl 
body with the largest measure of oiygen with wbicli it 
capable of imitiDg. In fact, for all practical purpoaoa, thi 
fuel or combustible body employed may be regarded « 
CompOHcd exclusively of carbon and hydrogen. 

Assuming 100 lbs. of coal to contam 80 lbs. of carbon ant 
5 lbs. of hydrogen, since the osygen is to the carbon, il 
carbonic acid, as 16 to G, to efi'ect perfect combustion, 80 Ibn 
of carbon will require 813i lbs. = 2,527 cubic feet of oxygen 
to furnish which, 967-26 lbs. = 12,635 cubic feet of atmo- 
Bphorifl air will be required, air consisting of 1 volume q 
oxygen to 4 of nitrogen, or 8 parts by weight of the former^ 
to 28 parts of the latter ; and since osygen ia to hydrogen^ 
in water, as 8 to 1, 5 lbs. of hydrogen will require 40 II 
~ 473 cubic feet of oxygen, or 181'5 lbs. = 2,366 cubic fs) 
of atmospheric air. 

967-26 lbs. -H 181-6 = 1148-76 lbs. = 15,000 cubic feet 
fttmoEphoric air, required for the perfect combustion <^ 
100 lbs. of coal. 
^m And the product Tcsultiug will be ; 2,627 cubic feet 
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carbonic acid, 046 cubic feet of steam, and 12,000 cabio fee* 
of uncombined nitrogen. 

\Vq tbus perceive that each 1 lb. of coal requiiea 150 cnbia 
feet of air for its perfect combustion, or, in other words, for 
the conversioa of all its carbon into carbonic acid, and all its 
hydrogen into water. 

It is commonly, but erroneously supposed, that when no 
smoke appears at tha chimney top, combustion ia perfect. 
Smoke, however, may bo absent, and yet the carbon may- 
only have united with 1 atom of oxygen, forming eaibonio 
oxide (a colourless gas), instead of with 2 atoms, forming 
curbonic acid, and consequently have only performed half 
the duty, as a fuel, of which it was capable, whilst the losB 
of duty oil the coal taken as a whole (supposing all ita 
hydrogen to have become osydised) will be upwards of 40 
per cent. 

Hydrogen, having a stronger affinity than carbon in the 
gaseous state, for oxygen, when the supply is short, still 
seizes on its equivalent, and leaves the carbon minus. Thus, 
when cool gas (carburetted hydrogen) is inflamed with an 
insufficient sapply of air to effect the perfect combustion of 
both its constituents, tbe hydrogen is still converted into 
water, whilst the carbon, in different proportions according to 
the oxygen present, becomes — deposited in the form of soot. 
— converted into carbonic oxide, — or partly into carbonic 
oxide and partly into carbonic acid. 

"Where a fresh supply of coal is put on a briskly-burning 
fire, the first thing which takes place is, that the coal softens 
and Bwells, attended with the evolution of a large quantity 
of carburetted bydrogoa gas, requiring for its combustion a 
corresponding lai'ge supply* of atmospheric air, A furui 
immediately after a fresh supply of fuel, requires more than 
doable the quantity of air it did the instant before, whilst we 

• 1 measure of earturtttod hydrogen or coal gaa, rcquiiea for its 
'"ofecl comboBtiou lO meaButos of air. 
^^ k2 
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have DO contrivance for furmahiiig suoli a supply, although 
without it, throughout the spaco of time during which rapid 
gftsilication of the hydrogenous portion is going on, 
than half Ibe fuel consumed is wasted, and passes off on- 
burnt, boooming thereliy not only totally unproductive 
itoelf, but absolutely an agent of evil, by robbing the fl 
nace of the heat absorbed in its own volatilization. 

Only two molhoda present themaelveB by -wkicb the si 
ply of iiir and tbo wants of the furnace can be made to ci 
respond, — cither both mint be made constant and nyitiar 
lk« fiucluatiom of one muH be made to coincide with Ihoat of 
tlu- other. 

The contrivance by which I propose to achieve the great 
desideratum sought, effects its object by admitting 
oreased supply of air at the periods of coaling. The stol 
when he closes the furnace door after firing, will raise 
nrm of a lover appended to it ; this movement throws wide 
open a eliding valve in the face of the door, which imme- 
diately commences closing slowly and automatically, by the 
gravity of the lever, regulated and restrained by the motion 
of a balance wheel connected with it by appropriate geai 
and affords, during the progress of its descent, a yraih 
diminiahing supply of ail' to the Ure, in harmony with the 
gradually diminishing requirements of the fuel. The area of 
the valve, and the period of time throughout which the act 
of closing is to he prolonged, are of course questions of 
detail to be determined by circumstances, and should be so 
adjusted according to the nature of the coal, and the average 
quantity supplied at one time, as entirely to prevent the 
appearance of smoke. The door of the furnace should be 
double, and the air should pass into the furnace through a 
series of perforations in the inner plate. By this arrange- 
ment, three important points are secured : Istly, the heating 
of the air ; 2ndly, its subdivision into minute jets ; and 
^^^idly, the keeping of the outer surfaces of the furnace doofi_ 
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compaTB lively cool, and thereby both econotoising heat, and 
preventing its radiation outwardJy to the annoyance of the 
attendants. 

In ordinaiy furnaces, the air becomes heated 
through the grate bars and the burning fuel. Where air iB 
Buffered to enter the furnace above the fuel, too much BtresH 
cannot he laid upon the necessity for either supplying it hot, 
or making a provision for subjecting it, together with the 
volatile products of the fuel, to an adequate amount of heat 
before they are allowed to escape by the flues. Little prao- 
tical benefit is to he derived from leaving the doors of steam- 
boiler fumaoDS ajar for a certain period after coaling, Tha 
fuel QB question ably demands a larger supply of air at thia 
period, hut the air being admitted en masse, and cold, and 
the heat of the furnace having been just previously lowered 
by the refrigerating efi'ect of the fresh supply of coals and 
sudden development of gas, at the expense of the stock of 
heat previously existing, the result is, that the temperature 
produced by the union of the cold air with the gases fi'oni 
the fuel, is below the point required for inflammation. 

la reverberatory furnaces for the manufacture of iron, on 
the contrary, the gases arising from the fuel in the grate, 
have to pass through the intciiscli/ heated bodi/, or Korking 
chamber of llie furnace in their way to the stack ; and this 
cavity, which may be said to he an oven with the sides and 
roof at a white heat, although having another office, becomes 
in reality a provision for snbjectmg the gases and the air 
with which they are mingled to an adequate amount of heat, 
to insure their inflammation ; and the result is, that if an 
adequate quantiit/ of air be admitted, whether cold or hot, 
all the Gombuslible matter is consumed, and smoke entirely 
prevented. 

Tdany times have I stood before such a furnace just after' 
B fresh supply of coals has been added, with my hand on tha ■ 
open door, and found that by regulating the width at which 
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I kept it opoD, I could exercise a perfect control over the 
action of the furnace. If shut, a dense black smoke would 
issue from the chimney ; if opened a very little, the smoke 
would be slightly but perceptibly diminished ; if opened a 
little more, the change would be denoted by a still further 
diminution of smoke ; whilst an opening of a certain extent 
would cause the smoke to cease altogether. As the process 
of gasification progressed, and the demands of the fuel for 
air became loss, the same effect would follow from a smaller 
and smaller orifice, till at length the door might be closed 
altogether without smoke resulting, the ordinary supply of 
air through the grate bar openings being adequate to the 
current demands of the fire. In furnaces of this description, 
beyond all doubt a self-closing valve, which should perform 
automatically, what I effected by watching and close super- 
vision, would be a valuable acquisition and tend greatly to 
economy, whilst nothing can be more easy and simple than 
its application. 



CHAPTEB ir. 



The priuoipal use to which the better desoription of alack are 
now applied, is tho geaerutioQ of Bteam in tho steam boilera, 
used in the manufaoturiiig processes carried on in the locality 
where it is raised. 

Many attempts have been made to BttbBtitate slack, or 
even a mixture of slack and coal, for best coal in the manu- , 
faeture of iron ; bnt in the ordinnry revorberntory furnace this 
cannot bo done, withont a diminution in the activity of the 
combuation and the intensity of the heat generated, entailing 
ft delay in the process, prejudicial to the yield of iron. 
The gi'eat dif&culty in the way of attaining rapid combuB- 
tija and intense heat from alack, oven of the best quality, 
Eii'iscs from the fact that its small size makes it lie so close 
together, as to form a mass almost impervious to air, and 
overlying and closing the grata bar openings, the passage of 
air into the furnace is in great measure cut off. 

The remedies for this difficulty are, either the admiBsion 
of air through orifices in the sides of the furnace, to com- 
pensate for the diminiehod quantity which enters through the 
grate bars, or the attainment of the same object by the use of 
compressed air in a closed ash-pit. 

The first time I entered an iron work, I was struck with 
the enormous quantity of heat escaping to waste in all diree- 
tions, to the annoyance of the workmen. Upon cloBer 
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inepcction, I foaad there were variotia dranglit holea leading 
to the spaco beneath the iron bottom of puddling furnaces, 
for the express purpose of allowing the air to circulate freely 
and caiTy off tho heat from the iron bottom plates with 
Buflioient rapidity to prevent their melting ; whilst conjointly 
with this arrangement I saw that the fire grates of these 
same furnaces were fed with a supply of cold air from the 
atmosphere. My first attempt to partially remedy this 
waste waB by constructing flues beneath the bottom plates, 
80 arranged as to convoy tho air, heated by passing over tli 
Rurfnce of those plates and through tho bridges, into the aid 
flues for tho supply of tho air chamber of tbo improved fai 
nacc, isatead of allowing these flues to draw their snp^ 
direct from the atmosphere, as had previously been done. 

Tho result achieved by this furnaco worked with ordinaij 
coal was n saving of 17J- per cent, in weight of fuel, not fe 
compared with the nreraiir consumption, but when niatchS< 
against the be>it furnace in a work containing about fortj; 
These furnaces are constantly at work night and day, fron 
Monday morning to Saturday night, so that It is only onca i 
week that an opportunity for inspecting the interior occutB 
On getting insido the grate of tho furnace after its first week'i 
work, I found that the small orifices round the sides com 
municating with the air chamber were either partially or e 
tirely sealed up, by the melting and running of the face of^ 
tho bricks, and also by the adhesion of the clinkers or slag. 

It occurred to me that the holes from the air chamber into 
the grate might he kept permanently open, by having suitable i 
openings in the external wall of the furnace, loading into thaJ 
air chamber, by means of which a tool might be passed 
through the orifices in the internal wall of the air chambeTiB 
into the fire, onco or twice a day, for the purpose of cleaning ;^| 

' la ibc fliat furnace wliltL I conbtructcd with these deaninj^l 
optmngn, with H view to provcnt Iho men ileatFoying- tho hrick-wm^H 
of the side of the grate, in X'^^'iins tho cle^nios bar through the p^dfl 



EMPLOYMENT OF INFERIOR KINDS OF FUEL. 201 

such openings at other times being kept closed by doors, so 
as to prevent the entrance of cold air ; and I accordingly lost 
no time in carrying out my ideas, but erected a furnace on 
these principles. Its success was complete, though even- 
tually abandoned from the opposition of the workmen, who 
set their faces against it the moment they found it was to be 
applied to burning an inferior description of coal, which they 
considered inimical to their interests. 

f orations, I had an iron plate cast, with perforations in it correspond- 
ing to those in the brick-work, to serve as a guide for the cleaning 
tooL In order to gain space for the air chamber, and at the same 
time to confine the exterior of the furnace as far as possible within its 
former dimensions, it was found necessary to build the side of the 
grate of only 2J in. brick-work, the iron plate being relied upon to 
give the requisite strength. After being in use a short time, a con- 
siderable portion of one of the sides fell down, leaving the iron plate 
intact. To my surprise, instead of melting, it stood alone, and proved 
as efficient and durable as the other parts of the grate. Acting on the 
hint, I have since repeatedly made use of iron as a material for grate 
sides, where these are required with perforations, as more dural' 
than brick- work, which is apt to be damaged by the passing of tl 
cleaning tool. >t 
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Althouoh a grant saving had been effected by the fiiniM 
with perforated eides, with the improvement of cloftuinJI 
doors for keeping the perforations open, I regarded it rather 
ns an ea n t of fu u u advancea ; whilst a great qnactity of 
h at B ped to at, the principal supply of air entered 
uode th a h p t ba s cold. As there was ample waste heatl 

. f the p p hy ahotild cot the ivho/e supply of i 

'" Sn h d t th f b previously heated ? 

'\\h n I t k any steps to effect this object in thd 

puddling furnace, however, I encountered the fact, that pre-J 
cisely as my arrangements for heating the air became more« 
perfect, did I destroy the draught through the fuel, deaden ' 
the fire, and lessen the yield of iron. Thia nne.vpected result 
I attributed to the rarefaction of the air in the ash-pit. 

I arrived at a clear perception, that to give the system of ■ 
supplying the fuel with hot air the fullest development aim 
which it was capable, it would be necessary to supply thisl 
air to the fire wider pressitn\ 

Being in an iron work one squally day, ray attention wasl 
arrested by a volley of oaths from one of the puddlers, whoes^ 
furnace, being situated at the extremity of a rank, was pai-1 
ticularly exposed to the ^vind, which blew directly into his 1 
working hole. With two large pieces of sheet iron e 
ponded behind him, in the vain hope of warding ^^ 
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advereary, he ivaa Iftbouriug away in a stale of great oxaspe- 
ration, and apparently to but little purpose. The dnll red' 
colour of the iron showed the deficiency in temperature, and 
it was with diificulty it could be made to cohere into a re 
When the more violent goata of wind camo, BO great was 
quantity tha^ entered the furnace, and so completely did U 
destroy the draught, that pnffa of smoke were forced out a6 
the aah-pit. 

The workman himself was in much too iU a humour foi^ 
conversation, but another puddler who wna Bfnnding by» 
observing the intereat with which I watched the proceedings,, 
addi'eaaed me, saying, "You see, sir, how very badly lliis' 
furnace works ; the man oau hardly make hia iron at all, 
■\Veli now, if tho wind should change in the coui'ae of tha 
day, and a nice stoady breeze set into the ash-pit, this far- 
nace will woi'k as well aa any furnace on the works ; 
this man's partner, who comes on to-night, will do his work 
witb comfort in two hoiu's less time, and perhaps make 1 cwt. 
more iron." 

Now it immediately occurred to me that if the accident 
of the wind's blowing into tho ash-pit made such a difference, 
tho same difference ought to bo created artificially, and 
made coiisianl, and concomitantly with this idea, I recog- 
nized the fact, that with the immenae quantity of waste heat 
escaping by the stack, no fuel would be required for a steam- 
engine to compress the air, and that therefore tho expense 
of the system would be restricted to providing the machinery, 
and keepmg it in repair. 

In working with compressed ah', the action of tho furnace 
la altenijs wider direct control, and can be heightened or 
diminished at pleasure, and in such a case aa the one just 
referred to, by turning on an adequate current of nir, the 
power of the wind acting in the adverse direction might 
ba defied, and none of it allowed to enter the furnace : with 
the roEult of a saving of iron, of fuel, of labour, and of time. 



Tbe existence of tbis very importanl: meaca of effectin 
ecoDomic resultB eeevas to have escaped due recognitioi 
The priDciples on which itfl value depends may he briefly 
explained as fullows. It is only that portion of the heat 
of a fumftce which is in excess over the tomperature of the 
body to bo heated which conRtitutea in reality arailablj; 
lieiil, couducive to the performanoe of its office. Thus t 
nearer the temperature of the body operated upon approaches 
the temperature of the furnace, the larger ia the portion 
the heat of the latter which hecomes inefieotive ; whilst t] 
more the temperature of the furnace predominates, ths'hirgea 
becomes the proportion of serviceahle heat, to the wholn 
heat generated. Therefore, if the intensity of the heat of M^ 
furnaco can he heightened, ils el/icieiicy riitl be increased « 
lite riilio of the accession vitide to Us siir[>his heal (oi 
degree by which it exceeds the temperature of the body b 
which heat is to be imparted) ; so that for processes i 
quiring very high temperatures, and where the ordinary heaU 
of the furnace is but slightly in excess, a very small incre-1 
ment of temperature will be productive of a great effieienoy,! 
and corresponding saving of fuel. 

In 6tafibrdshii-Q, 2i cwt. of cual (long weiglit 120 lbs, to 
the cwt.) is consumed to produce from pig, 1 ton of puddled 
iwn, the consumption being about 240 lbs. per hoop. 
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4 Ibe. per minute. Now since oxygen is to carbon, in ci 
bonic acid, as 8 to 8, and oxygen to hydrogen, in water, 
6 to 1, 4 Iba. of coal will require for perfect combnatioD, 
lO^j-lbs. = 120 cubic feet of oxygen, and einco oxj'gen 
nitrogen (by volume), in atmospheric air, as 1 to 4 = 
cubic feet of air ; and tbo products reanlting will be : lOl'OB 
cubic feet of carbonic acid, 87-8i cubic feet of steam, and 
460 cubic feet of uncombined nitrogen; total 618-92 cubic 
feet of gas. Estimate tha temperature at 3,108°, and mul- 
tiply the volume of gaa by 7 for expansion, and we find that 
4,332'44 cubic feet of rarefied gases pass through the furnaca 
per minute -h 60 :^ 7227 cubic feet per second. And, 
finally, estimating the capacity of a puddling furnace between 
the bridges at 36 cubic feet, we find, to our surprise, that it 
is un questionably filled and emptied twice in a second. 

Now, if we estimate tbo temperature required for tha 
process of puddling at 3,000°, which must be a very neat 
approximation to the truth (since the melting point of pig- 
iron is found by Daniera pyrometer to be 2,786°),* and 
suppose that the products of combustion pass over the fire 
bridge and enter the body of the furnace at a temperature of 
8,300°, then it appears, that since, to maintain the necessary 
temperature, the contents of the furnace have to be renewed 
twice in a second, the loss of temperature, by radiation, 
conduction, itc, is at the rate of COO" per second. If there- 
fore we could succeed in increasing the temperature generated, 
by 300°, and thus raise the atmosphere produced by the 
fumaco to 3,600°, since we have found that the rate at which 
the cooling process goes on is 600° per second, we should 
only have to renew the contents of our fui'nace once in a 
Kecond, instead of twice, to maintain the requisite temperature 
of 3,000°, and should effect a saving of 60 per cent. 

In miH or heating furnaces, used for tbe manufacture of 

• U. Prideaux has omitted to mnko allowance for the increase 
loBB of lieat liy riidiatioiL eztemall}-.— D. K. C. 
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iron, tlio result of heightoning the temperainre vonld ba 
uijauUy bcncficinl. When first charged with cold iron the 
liSftting goca on rapidly, hut ihe rate at iphieh it jiroccedt 

(toiutaittly iliminislitm n« tha leinperatiire of ihe iron appro.n- 
mattii to that oj the furnace, and at last becomes very slow. 
B is dariog this latter period that the bene&cinl effect of a 
JBOTe intenBoly heated fiiraaco becomes most conspicuous. 
Now if we suppose tha temperature of the iron to be 
100° when in the furnace, the temperature generated by 
combustion to bo S.SOO", and that half the diferenca {in 
cscesa) or surplus heat, when this eurplua is 8,200", enters 
the iron, we shall havo at the commenoement (3,300" — 100° 
= 8,200°-- 2 =) 1,000', within a fraction of luilf the 
wholu hunt gonoratod, imparted to the iron. When, however, 
the iron has attained the temperature of 1,700^, and the 
surplus becomes halved, we shall bavo only 680° com- 
municated to the iron, or a little more than a, /(/(ft of the 
whole. Whon tho ii'on has reaKhed the temporataro of 
2,600", and the surplus heat becomes quartered, only 290 
parts of heat out of 3,300 generated, or loss than iV. will 
be profitably applied. Whilet, if wo suppose that iron 
requires to be raised to 8,200° to bring it to a welding heat, 
the state of things when it has attained the temperatore of 
8,100°, and is beginning to receive its last 100° of heat, 
will be as follows: — Out of 3,300 ports of beat generated, 
only 62, or less than ^, will enter the iron, the remaining 
3,248 parts, or more than f-^ of the whole, being wasted. 
CoBld we, however, succeed in increasing the temperature of 
our furnace by 400", thus raising it to 3,700°, the state of 
things at the same pomt would be, that 206 parts of heat, or 
■j?^ bstead of only j'^ of the whole heat generated, would 
enter the iron ; thus exhibiting the fact of an addition of 
temperature to tho amoimt of J, increasing, the velocity of 
heating, and coii3ec|aently the efficiency of the furnace at this 
I orisis, fourfold. 
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The following tables contrast the effects of two furnaces, 
one heated to 3,300°j the other to 3,700°, in imparting 
heat to iron at five different stages, whilst being raised to a 
welding heat : clearly showing, that although the rate at 
-which heat is communicated rapidly diminishes as the 
temperature of the iron increases, yet a very trifling addition 
to the temperature of the furnace is capable of producing a 
great result in retarding the rate at which the diminution of 
heating proceeds, and consequently, in the economic working 
of the furnace. Column A gives the temperature of the furnace, 
B the temperature of the iron, C the difference in favour of 
the furnace, D the portion of this difference imparted, E the 
proportion of the whole heat generated imparted, F the 
velocity at which the heating proceeds, calling the smallest 
velocity 1 : — 

A. B. C. 

3300°— 100°= 3200° 

3300°— 1700°= 1600° 

3300^—2500°= 800°. 

3300°— 2900°= 400° 

3300°— 3100°= 200°, 

3700°— 100°= 3600°. 

3700°— 1700^=2000°. 

3700°— 2500°= 1200°. 

3700°— 2900°= 800°. 

3700^—3100°= 600°. 

To facilitate the comparison, the results are arranged 
below in the parallel columns, the prefix + denoting those 
of the hotter furnace. 



D. 


E. 


F. 


..1600.. 


..•484.. 


..30-49 


.. 680.. 


..•206.. 


..12-97 


.. 290.. 


..•087.. 


.. 5-52 


.. 123.. 


..•037.. 


.. 2-35 


.. 52.. 


..•015.. 


.. 1 


..1871.. 


..•505.. 


..25-64 


.. 911.. 


..•246.. 


..17-35 


.. 485.. 


..•131.., 


.. 9-25 


.. 290.. 


..•078.. 


.. 5-52 


.. 206.. 


..•055.. 


.. 3^93 



B. 


C. 


+c. 


D. 


+D. 


E. 


+E. 


F. 


+F. 


100° 


3200° 


3600° 


1600 


1871 


•484 


•505 


30^49 


35-64 


1700° 


1600° 


2000° 


680 


911 


•206 


•246 


12^97 


17^35 


2500° 


800° 


1200° 


290 


485 


•078 


•131 


5^52 


9^25 


2900° 


400° 


800° 


123 


290 


•037 


•078 


2^35 


5^52 


8100° 


200° 


600° 


52 


206 


•015 


•055 


1 


8^93 
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Tbe moBt efficient method that I am acquainted -with, 
for incroaging the temporature of roverberatoiy famaces used 
for the manufflctiire of iron, ia the use of comprcseed air, in 
a closed asb-pit, thus creating aytificliJUj the state of things 
present when n steady breeze sets into the aah-pit, It is a 
fnct, that a fornace thuB favourably situated will heat three 
charges of iron, 'whilat its opposite neighbour, in other 
respects its eijaal, ia heating ouly iieo ; and the wonder is, 
that the hint tbas conveyed has not been soonor acted npon, 
and that state of efficiency which now only ha9 place with a 
few fiirnncos, and at uncertain intervals following the caprice 
of the wind, made tbe permanent condition of all. 

Whatever method of working furnoees be employed, 
the construction of the envelope so as to prevent as mncli as 
possible the pnsango of heat, mast over be an unmkod good 
as fur AB economy of fuel is concerned, and the better the 
fire-brick material employed, tbe more completely can the 
principle be carried out, without uetitralizing the economy 
attained in fuel, by the extra expense in repairs, resulting 
from the increased rapidity with which the bricks are burBt 
out. By constructing furnaces with hollow walls, and 
filling tbe intervening space with cmder dust, or some other 
incombustible bad conductor of heat, a groat saving of fuel 
might bo ofiected ; but to what extent this would be counter- 
balanced in an economical point of view, by the increased 
amount of materials and labour necessary to keep them in 
repair, with tbe quality of fire-brick generally in use at 
freEent, I am cot prepared to say. 



CHAPTER V. 

ON FEEDING FUENACES WITH HOT AIR. 

Considering the impossibility of admitting just the precise 
quantity of air to produce the state of theoretical perfection 
for the combustion of coal, the fact that coal contains a small 
quantity of nitrogen, and also that some heat passes into the 
sides of the grate, we may pretty safely assume that the heat 
generated in the body of the furnace seldom exceeds 3,300°, 
and is probably more frequently below than above this 
point. Nevertheless, as this number, which is certainly 
about what theoretical deductions would lead us to fix upon, 
coincides with the observation of Professor Daniel with his 
pyrometer, who found 3,300° to be the greatest heat of an 
air furnace, I shall adopt it as the basis of my calculation. 

Now, as lead, the melting point of which is 600°, melts 
with extreme rapidity in the hot-air flues of a furnace, 
running like sealing-wax in the flame of a taper, we certainly 
shall not err on the side of excess in estimating the tem- 
perature of the ail: at 720°, and if we subtract 60° for the 
atmospheric temperature, we get an addition of heat of 660°, 
or i of 3,300°, the whole temperature generated, showing a 
saving in fuel of 20 per cent. ; and if, as is probably the 
case, a portion of the diminution in the heat between the 
theoretical number 4,047°, and that which experiment shows 
8,300°, is to be attributed to a surplus quantity of air 
*^<^8siDg through the Are, and lowering the temperature of 
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the farunto, then this pei-centage of saving by the usq ofl 

air ebonld be increased, 

My anticipations of an increaee in the Icmperalurc and heOt- ' 
\artvui power) of revctbcratory fiornaees, by feeding them 
ith Lot air, were not realised. One cause of the impaired 
lieitt of reverberatory furnaces supplied with hot air must be 
Bougbt in the fact that gaseous combustion being accelerated 
by it, a larger amoant of chemical union takes place in the 
i/rate, and less in the fioili/ of the furnace, where it would be 
more boDcGcial. 

The next point to which I shall call attentioD, aa one of 
the causes of the diminished beat of reverberatory furnaces 
supplied with bot an, is, the greater etate of expansion and 
tenuity, attained by the misturo of air and coal gas, prior to 
inflammation, and the consoi^iient result, that in a given 
Kjiiiee there is a less ijiiaiUily of heat developed by their 
union. There is, no doubt, more heat contained in the 
products of combustion from a given vei'jht of coal gas and 
nir, boated before ignition to 720°, than would be contained 
in the products of the combustion of the same quanlities by 
weight, of gases ignited at the temporatnre of 60°. When 
wo take given measures, however, instead of given n'eii/lila, the 
case is reversed. Hence the flame resulting is charaetcrised 
by comparative tenuity. 

The third and last circumstance that I have to addnco in 
explanation of the effect of hot air in diminishing the heat of 
llie working chamber of reverberatory furnaces is, that from 
the gi'oator tenuity of the air, it does not produce the same 
attrition in its passage through the fuel, nor (owing to its 
less sudden expansion) the same amount of quasi detonation 
or percussion, at the instant of combustion The disinte- 
gration of the carbon being thus t ded t the s 
that the escape of the bydrog n fac 1 tat d by the bea 
the result is, that the ordinary lat on b tw n the rate 
consumption of these two const tuenta of the coal i 
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ranged, and the gases passing from the fuel contain an 
undue proportion of hydrogen, whilst the carhon accumulates 
as cinders on the bars. 

On this theory we should be led to expect a considerable 
difference in the adaptability of different varieties of coal for 
use with hot air, an inference fully carried out by practice. 
There is a great variation as to the increased ratio with 
which the cinders accumulate on the bars, according as the 
texture and composition of the coal render the disengage- 
ment of the carbon more or less facile, and there can be 
little doubt but that, cmteiis paribus ^ the more the carbon of 
a fuel is disposed to assume the gaseous form, as with cannel 
coal — or the less the quantity of hydrogen present, as with 
anthracite — ^the greater will be the chance of being able to 
seize the economic advantages attendant upon the increase 
quantity of heat attainable by the use of hot air, without 
having this heat so diluted as to make the temperature 
inefficient. 

It is, however, in its deficiency in heating power with 
reference to its volume^ that we must seek for the cause of 
the diminution of temperature which occurs in practice, by 
substituting hydrogen for carburetted hydrogen. The dif- 
ference between the quantity of air required by equal 
volumes of the two gases is so great, amounting to fourfold, 
that with furnace arrangements adapted for carburetted 
hydrogen, that is, calculated to allow ten volumes of air to 
pass with each volume of gas, it is next to impossible but 
that just in proportion as hydrogen is substituted for it, does 
the quantity of air passing become an injurious excess. 

It thus appears that three circumstances, — 1st, an in- 
creased proportion of the combustion being completed in the 
grate, — 2ndly, the higher temperature and consequent rare- 
faction attained by the gases prior to ignition, — Srdly, the 
retarded disintegration of the carbon on the grate-bars (and the 
resulting diminished quantity of combustible matter passing 
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in a given time, and nndne preponderance of hydrogen) all 
combine to nentralise — where a very high temperature is de- 
manded — the economy, which might otherwise be attained 
by feeding the fire of reverberatory furnaces with hot air, — by 
attaching to the practice the condition, — that just in pro- 
portion as it is carried out, does the flame in the working 
chamber become attenuated, and its power of rapidly impart- 
ing intense heat impaired. 



ON THE MANUFACTURE OF IRON. 

Tnrf rec[uirementa for making iron aro, Ist, the reqaisite 
cliBmical iagradienta in the requisite proportions ; 2udly, 
sufficient heat ; — fluidity, to allow of the free motion of nil 
the particles of matter ; 3rdly, sufficient motion amongst the 
particles to ensure thoir adequate intermixture. 

The circumstance that hot-blast furnaces work faster than 
cold-blast has been supposed to be quite conclusive as to a 
higher temperature being attained by thsm : a httle esajnina- 
tion will, however, show that the fact affords no foundation for 
each an inference. If we assume that the perfect fusion of 
the minerals of a blast-furnace requires a heat of 4,000°, that 
the temperature of the point of most intense heat in the 
vicinity of the tuijeres in each description of fnmaco ia the 
same, viz., 6,000° ; since the minerals will in the hot-blast 
furnace approach this point at a temperature G60° higher 
than they will approach the same point in the cold-blast 
farnace, and consequently will requho 5G0° less additional 
heat imparted to them, to raise them to the temperature of 
4,000°, their melting, will, as a matter of course, be more 
quickly performed in the former furnace than in the latter ; 
and thus this supposed decisive fact in favour of the higher 
temperature attained by the use of the hot-blast is satis- 
factorily explained without leaving any difficulty behind it. 

In considering the mannfaeture of iron with reference to 
lomy of fael, the most striking thing which forces itself 
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upon the attention is the fact, that whilat the two great pro- 
cesses of iron making, viz., the separation of the iron from 
the ore in the blast furnace, and its de carbonization, and 
kueatling to develop fibre, in the bailing farnace, each 
requiroB for its porformanco, and i» best performed by, one 
of the two constituents into which co.il is resolvable, taken 
singly : viz., the revival of the iron, by the solid carbon or 
coko, and the operation of boiling, or puddling, by the 
gaseous carburotted hydrogen. Yet, instead of sepaxating 
the oonBtituonta of coal before using, and employing each for 
the operation for ^vhich it is best snited, we nso it in its 
Tikw sliitii for both operations, uot only wasting one cou- 
stitiient in each process, bnt absolutely producing inferior 
results, For, the gaseous portion of the cools used in tho 
blast -furnace, — which if separated and purified, would auffioe 
to make all the pig-iron produced by the furnace, into paS^ 
dled-iron, of a equality very superior to that made by ra^jB 
coal, — exercises in the blast furnace a deteriorating effect ojB 
the quality of the iron produced. Thus, all the cool ijU 
present used in puddling is wasted, with the result of ptofl 
ducing on inferior description of iron. ^ 

My notions of attainable perfection demand that iron 
should be manufactured os follows : — tho coal ahonid be 
coked by the waste heat from tho furnaces, and set apart 
for use ill the blast-furnaces, having previously had its pores 
impregnated with a preparation composed with referenco to 
its power of combining, and forming on cosily fnsihlo cinder 
with the ashes of tho coke on the one hand, and the foreign j 
matter in the ore on the other. 

The gaseous products of distillation after being pni 
from Biilphur, and also from phosphorus, and 
present, should be devoted to the process of puddling, : 
which they ore for many reasons much better adapted thj 
raw coal. In tho first place, tho dust and fine cinders eaiii 
over from the grate, become mixed with, and injure tiio tioiif'l 
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and the same may be said of varions volatile prodacta of tha 
coal ; in the second place, the operation of puddling consists 
of three different stages, during each of wMoh the ■u'on 
requires a modification in its treatment, which the old 
paddlbg furnace is powerless to supply. In fact, no prompt 
nor adequate power of control is possessed by the workmen 
over it, even for simply exalting its temperature, and as far 
as the scientific performance of its functions ia concerned, it 
must he regarded as a barharotts apparatus which ought long 
since to have been superseded. 

In the first stage — that of melting— an intense heat, wil 
no excess of oxygen, will save both time and iron, althongkl 
it is not so absolutely indispensable in this stage as in thsj 
third. 

In the BOoond step of the process — that of do carbonization, 
or refining — an excess of oxygen is wanted, and the addition 
.of the vapour of water ia also often beneficial, since it hag 
the power, not only of accelerating the dccarbonization of 
the metal, but also of carrying off large quantities of silicic 
acid in a volatile form,* the effect of which in increasing the 
yield (inasmuch as the silicic acid would otherwise form a 
silicate of iron, and carry its base into the cinder) is 
eiently obvious. 

Daring the tiiird stage of the process — that of kneadii 
the decarbonized iron into a tenacious, fibrous mass — an. 
excess of oxygen passing is productive of great loss, from, 
the waste it occasions by oxydizing tho pure malleable ii 
now no longer covered by tho cinder. From the circi 
stance, however, of a great heat being necessary (requiring a 
clear fire) during this stage, particularly at its termination, 
jnst before the iron is removed from the furnace to go to the 
squeezer, it is impossible to guard against a surplus of oxy- 
^ gea being present, — snch is, in fact, always the case under 

j • An instructive eiamplu of tto law, lint ngn-volatile b 
be09me TOlatilo by miiture witU volatilu oaea. 
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the ordinary system, — a considerabld loss ia unavoidable, and 
may bo considered a perfectly normal resalt of the operation 
as CEuried on in the old furnaces. 

Let us compare with this narration of the inef&oiency anil 
unavoidable defects of the old furnace, the advantages placed 
within our reach by the judicious npplication of gas. 

Suppose a furnace constructed ns follows ; let the end of 
the furnace be formed of an iron box, divided vertically (and 
transTersoly as regards the body of the furnace) into tbres 
divisions : let the outer one bo connected with a reservoir of 
gas under pressure, the middle one with a similar roaervoir 
of air ; lot a sorioB of tubes (with a slight do\vnward inclina- 
tion) lend from each of these chambers, through the 
chamber, into the furnace ; let the inner chamber be sap] 
with water, to prevent the melting of the tubes or tuyeret. 
The pipes leading from the main reservoirs of gas and ftlt 
the chambers of the furnace should each be furnished with 
throttle valve, the handle of which should form tho index 
to a dial, graduated to 100" subdivisions ; and the size of the 
pipes and the valves Bbould be so arranged, that when the 
indexes pointed to the same figures on the dial, the respective 
quantities of nir and gas passing should be the exact coott ; 
bining oquivQlents of Aeh. ■ 

As it would be desirable to have a surplus heating pow^f 
beyond that demanded for ordinary working, for extraordinary' 
occasions, such as getting up the heat after the fnrnace had 
beeu allowed to get cold, &e,, we will suppose, that upon 
charging with fresh iron, the hands of both dials are placed 
at 76, for the first stage of the operation. The inclination of 
the Uiyera driving the flame downwards directly on the iron, 
it will be melted and brought to tho proper point of fluidity, 
in abont half the time ocenpied by the present fornace, whera 
tho axis of the draught being horizontal, and the iron lying 
completely below it, "hy far tho larger portion of flame dart 
over it, and enters the flue without having iit all impinned 
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[Le iron. In fact, the difference in the mode of operation 
the two fumacea, is the difference between placing a body aU 
the point of the flame of a blowpipe, and placing it at tl 
exterior of its under eide. 

The nest stage of the operation — that of refinmg, or da-J 
carbonization — requires a surplus of oxygen to be present, to' 
obtain which, the workmstn moves the index of the air-pipe, 
say to 90 (the index of the gas-pipe remaining stationary at 
75), and turns on in addition, if thought desirable, a supply 
of steam into the air chamber, to pass, with the air, into the 
working chamber. That such a furnace would be a better 
instrument for refining iron than our present one cannot 
admit of a doubt, whilst it is equally unquestionable that it 
would do its duty in less time. 

During the third stage of the operation, a very intense 
heat is required, particularly just at the latter end, whilst, at 
the same time, it is of vital importance — to prevent the wasta 
of the now decarbonized and exposed iron — to ensure that 
a surplus of oxygen be not present. Lot the workman set 
the index of the gas-pipe at 95 (the air-pipe index remaining, 
as before, at 90), — thus guarding against tlie possibility of 
any &ee oxygen reaching the iron through imperfect mixture, 
by supplying a slight excess of carboretted hydrogen, — and. 
both conditions will be fulfilled. 

In short, whatever the requirements demanded by the 
progress of the operation, this fornace places at our disposal 
the means of fulfilling them instantly and com.pletely, furnish- 
ing in this respect a complete contrast to the imperfect 
means of control offered by the existing furnace ; nor must it 
be forgotten, that it presents us with all these advantages, at 
the cost of the gaseous products of tke coal, now wasted iq 
the blast-fui-nace. 

Having thus briefly reviewed the BuI)joct of puddling, a&4 
endeavoured to ahow that great improvements may be made 
in our present arrangements, with regard both to economy of 
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fael, (icd the prodttction of a superior quality of iron, I will 
now offer a few observationa on blast-furnaces. 

Ill the figures wliich I employ with regard to the tkeoretknl 
compositioD of the gases isBuiitg from a blast foiaace, as 
deduced from the composition of tlie fuel used, I ehall princi- 
pally rely upon the data on the Alfroton coa! and furnaces, 
contained tu the elaborate report on blast-furnaces, presented 
to the British Association in 1845, by Dr. Lyon Playfejr and 
Professor Bunsen. 

Observation has cstabtished, 1st, that the oxygon of the 
blast is all consumed in the immediate vicinity of the tuyere ; 
2nd]y, that in hot-blast furnaces, the carbonic acid Zone is of 
very limited extent, this gas being found entirely converted 
into carbonic oxide 'within about S feet from the point of the 
tuyere ; Srdly, that the coal loses all its gaseous products of 
distillation much above the point at which its carbon com- 
bines with the oxygen of the blast. 

Each charge at the Alfreton furnaces consisted of 420 lbs. 

of calcined ore, 890 lbs. of coal, and 170 lbs. of limestone; 

and the product of iron resulting from one charge is 140 lbs. 

100 parts of the coal contained — 



FuTti of WBter 
cupable of beiug 
healed 1° C. \<j 



^^Kbe. 1'18 abstracted from ciich 64*548 parts of carbon for this ■ 



Carlion U-oii 61I},3S4 

Carliurettoil Hydrogen 6038 9B,670 

Carbonic onido 1602 3 

CurljQmo acid 1'139 

Bi-Carl)urettod Uydrogcn ..... 0'513 6 

Hydrogen 0-370 13,320 ] 

Total 630,090 ] 

Contributed by the carbonaceous portion ■ . fit6,3Si j 

Contributed by the products of distillation . 122,706 J 
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pnrpose, leaving 68*868 parts of carbon to andergo combus- 
tion. 

This cnrbon, as has been alreudj stated, becomes con- 
verted into eaarbonic oxide, by combining with the air of the 
blast, at a short distance above the tuyere, the product 



The quantity of cast-iron prodaccd by 100 parts of coal ia 
35-8, containing 3-1-62 of pure iron ; to effect tLo deoxidation 
of which, the carbonic oside must combine with 14-83 of 
oxygen, and have 25*052 of its parts changed into 40'762 of 
carbonic acid, 

Xbe quantity of limestone, added to 100 parts of coal, 
contains 18-7 parts of carbonic aciii, wLich ia evolved from 
the furnace with the other gaseous products, giving as a 
result, for tho compositian of tbo gasGa issuing from the mouth 
of the fui-nace — 



Nitrogen SBS-Tie 

Curbonic oxide 121-906 

Carbonic acid 40-782 

Ditto do. (from lime) . . . IB'TOO 

Total .... 477-10* 



1 



Hence it appears that we ehall obtain the composition of 
the gases from the fnmaee, if, to the products of the distilla- 
tion of any given quantity of coa!, we add the carbon of the 
coke formed from that coal (minus tho portion entering the 
iron), plus the quantity of air necessary to form with this 
carbon, carbonic oside, pins the oxygon of the ore (which 
converts a portion of this carbonic oxide into carbonic acid), 
and plus tho carbonic acid evolved from the limestone. 

From the preceding data, tho composition of the gaaea 
evolved for each 100 parts of coal is found to be — 
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Nitrogen . . 
Carbomc oxide 
CatbDnic acid 

/ Cnrbonio oiido . . . l'S02 

jldil- 1 Carbonic acid . . . 1*139 

f tillBtion< Carburettod hydrogen . e-e38 

i of coal. J Bi-Carburetted hydrogen 0'613 

I Hydrogen 0-370 

Total , . 



Total of «m1i. In 10 
G 295-716 
S 1S3'308 
Z 60'621 



6638 
Oota 
0'3TO 



Sinoo the whole of tbo products of tbo diBtiUation of coal 
escBpe nnburct, our task in findiug the duty performed by 
the fuel Ib narrowed to an examinatioQ of the changes under- 
gone by tho curbonaccous portion. 

I shall assume that carbon, in becoming C O, develops J 
part of tbo heat developed by it in becoming C 0', thia beiajj 
about the mean of tho figures given by the three observe 
DaloDg, Andrews, nnd Grassi. 

Of the total carbon in tho fuel 61 '548 

Thoro enters the iron. I'lB 

Leaves the furnace as cai'bonio Kcid . . ll-122fi 
Therefore diflohargea its full duty . , . laauBS 
Leaves the furnace bh carbonic oiide . . G2'24SS having aj 
discharged only J o( its duty. 

Carbon. 

Full duty of la-3025= B8,420 

y i duty of 52'2465 = 139,321 

^^V Total . . . 2^37,711 

■ If we subtract this sum from tho full duty of 100 parts of 

coal, viz. 639,090, the remainder, 401,319, shows the duty 
capable of being performed by the gaseoas products escaping 
from the furnace. Then, 

as 639,090 : 237,741 ; : 100 : 37-2 
whence it appears that this amounts to 62'S per cent., 
7"2 per cent, for the apparent duty realised. 
These figures differ so greatly from the statements oi 
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Playfair in the report before allndod to, that I feel it nece»- 
Baiy to advert to the subject. 

The report says, " Hence follows the remarkable conclusion* 
tliat in the furnaces of Atfreten, not Ices than 81-54 per cent, 
of the fuel is lost in the form of combustible matter still fit 
for use, and that only 18-46 per cent, of tiie whole fuel is 
realised in carrying out the processes in the farnace." 

Thus it appears that the figures given by Dr. Playfair 
restrict the duty performed by the fuel to just half th«' 
Bmonnt which my calcnlatfous have assigned to it. Tha, 
difference in the results at which we have aiTived is easily^ 
traceable to the difference in the principles which have guided 
our mode of procedure, and to the difference in the ratio wO 
assume, that the portion of heat developed by carbon in be- 
coming carbonic oxide, bears to the full amount it is capable 
of furnishing, when it unites with 2 atoms of oxygen. To esti- 
mate the duty performed, Dr. Playfair simply takes the amount 
of nitrogen, deduces the quantity of oxygen which accompanied 
this into the furnace as atmospheric air, and then calculates 
the heat which would he evolved by the union of this osygen 
with carbon to form carbonic oside. It is evident that such 
a method altogether ignores the duty done by the 1-18 of 
carbon, which combines with the iron and descends with it 
into the hearth, and also the important service towards 
" carrying out the processes in the furnace " rendered by the 
11-1225 of carbon, which, in the form of 25-9S2 of carbonic 
oxide, separates 14*83 of oxygen from the ore, and becomes 
converted into 40'782 of carbonic acid in so doing. The 
latter process, the report observes, is attended with a thermo- 
nentrality, but surely this can be no valid reason for pot 
reckoning it witb the realised dafy of the carbon. If we 
revive iron by placing some iron ore in a crucible, in con- 
junction with charcoal, and then subjecting the vessel to the 
heat of a furnace, can any one be found to contend, that the 
duty performed by that portion of charcoal which combines 
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with the iron, and by that other portion which removes its 
oxygen hy comhicing with it, is any less real, than that 
iichieved by the charcoal of the furnace, in contribnting the 
necessary temperatare ? In fact, since the tchole of the 
carbon which combines with the oxygen of the ore is abso- 
lutely required for this pnrpose, and not a particle can be 
dispensed with, whilst, on the contrary, it might be a 
qnestion whether some of the carbon in the famace is not 
burnt in furnishing superflnous heat, — many would be dis- 
posed to accord the precedence in importance and indispQn- 
sability to the services of the former — and to deny to the 
function it performs the title of realised dnty, certainly 
indicates a singular inversion of ideas. 

It may have been observed, that in treating on the 
G2'2455 parts of carbon which left the furnace as carhonie 
oxide, I spoke of its haying apparently discharged only \ of 
its duty ; and however unexceptionable the mode of esti- 
mating its duty adopted, may on a superficial yiew appeal', I 
am prepared to show that it inadequately represents the real 
services rendered by the carbon to the processes of the 
furnace, and that if the various parts played by the fuel are 
separately scrutinized, and their results analyzed with esacli- 
tude, the duty performed by the carbon will be found to be 
much more considerable. Since the whole of the atmospheric 
oxygen entering with the blast is converted into carbonic 
oxide at a comparatively short distance above the Imjcre, 
affording in this form an ample supply of carbon to effect 
tho deoxidizing process of the furnace, without the absorp- 
tion of any nncombined carbon for this object ; and since wo 
know, that when we form carbonic oxide from carbonic noiil 
by supplying the latter with another equivalent of carbon, 
exactly half the amount of carbon in the product must hare 
previously been in combination with 2 atoms of oxygen, as 
carbonic acid, we are enabled to pronounce that the com- 
bastion of the carbon in Oie imnsktu takes ulacc as follows : — 
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Deducting ths 1-18 of carbon which enters the iron, precisely 
oue-half the remainder ia converted to carbonic oxide in the 
zone of transition ■which mtist exist between tho carbonio 
acid zone (or zone of fusion) and the carbonic oxide zone, 
where this conversion is complete ; whilst the remaining 
half descends before the tuyere, whore, by its conversion to 
carbonic acid, it furnishes the intense heat necessary to 
produce perfect fusion of the refractory minerals employed. 

The fact, that subneqiwiithj to performing this service, the 
81'G84 parts of carbon, in combination with 8i'49 of oxygen 
as carbonic acid, yields up half its oxygen to an additional 
portion of 31'684 parts of carbon, with a groat thermometrio 
loss, must not blind us to the amount of duty which it has 
previously achialhj accomplished, and which, if it loft tha 
furnace immediately afterwards, before its transformation 
into carbonio oxide, would be unhesitatingly admitted. Does 
it injure or retard the processes of the furnace, in its subse- 
quent passage throngh it, that at its £nal exit, wo curtail its 
claims for services previously accomplished ? So far from 
doing so, it increases our obligations for work performed, by 
separating 14-83 of oxygen from the ore, and we repay tha 
additional service, by paring down its duty into simply 
yielding the measure of heat due to the formation of carbonio 

Estimated according to this more accurate and preciea 
view of its true functions, the duty performed by lie fuel in 
a blast fumaca will be as follows : 

H|M tho total corbcm in IDD part» of fuel = Gi'olS 

^K'TheiB enton the iron 1-19 

^^^ QirlKm (as aimple carbon) burnt to C 0, before lui/irc . 31-GB4 

Conaequently diachargea full iluty as-MH4 

CmIkw (bb O) becomes G Oj in Bcparating U-83 0., 

mBSquently diBchtirgcs J duty Il't229 



1 
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foil duty of S2-86i of carbon ia 26a,ft\'i a,-G.i ^ ^xAtj 
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PR 11-1225 ia £9,820, making together 822,282 for tbe duly 
performed by the carbon, ^\*hioh sum ia to 689,090 the whole 
duty of 100 parta of coal, as CO'4 is to 100 ; consequently, 
tbe duty performed by the fuel is 60'4 percent., or nearly 
8-fold what hciB previously been assigned to it. That this 
Js tbe proper way of estimating the duly of the carbon is 
abnodniitly plain and clear ; and once pointed out, it will, I 
tliink, bo felt to admit of no dispute. That the duty done 
by the fuel abonld be 50'4 per cent., and the duty capable 
of being ovolvod from tbe escaping gases €2-8 per cent., 
making together tbe sum of 113-2 per cent., may at first 
srgbt appear a discrepancy, bat when more tinrrowly exa. 
mined, the apparent anomaly vanishes, A given quantity of 
carbon as C 0,, at a temperature sufficient to convert carbon 
into C 0, will, by so doing, form a compound capable of 
developing by combusUon 33-8 per cent, more heat than tbo 
carbon bo converted. In one case we have 100 parta of 
carbon {as simple carbon), capable of developing 100 parts 
of heat ; in tbe other, 200 parts of carbon as C 0, capable of 
developing 133-3 parts of beat, accordmg to tbe law that i 
of tbe whole heat capable of being developed by carbon, are 
developed when C becomes C 0,. In the case of ths 
blast-furnace before us for consideration, tbe difference Trillll 
be, the difference between the beat-developing power ^| 
S1-G84 of carbon faa simple carbon) converted to C 0„ anU 
C3-3G8 of carbon (as C 0) converted to C 0, = 84,490'6e| 
units, and C39'09O is to 84,490-66 as 100 to 13-2 — tha« 
amount of overplus. 

Although we have found the amount of duty performed by 
tbe fuel in blast furnaces to be much more satisfactory than 
had previously been stated, amounting to 50'4 per cent, 
instead of ouly 18*46 per cent., yet tbe beat capable of^ 
being realised from the escaping products, amounting toj 
62-8 per cent, on all the fuel consumed, is still a loss wbicl 
it would be most desirable to curtail, either by diminishing] 
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the consumption, by increasing the duty of the fuel, or by 
taming the waste products to some useful account. Their 
value as an article of fuel depends less upon the whole 
quantity of heat they are able to afford than upon the tempe- 
rature they are capable of generating, since it is this which 
must determine to what objects they are applicable, and the 
extent of their sphere of practical utility. To ascertain the 
temperature capable of being attained by the combustion of 
these gases, we must determine their heating power from 
their composition, and then ascertain the specific heat of the 
products resulting from their combustion.* 



Composition of 
fiiTxiaoe gaaes. 


No.ofdeg8. 
C. 1 paxt 
of water 
would be 
raised by 
the com- 
bostibles. 


Result of 
oombtistioii* 


Totals. 


Ditto 

reduced 

to 100 

parts. 


Spe- 
cific 
heat. 


N 
00, 

00 

HaC 

H.C, 

H 

Totals. 


296-716 
60-621 

123-608 
6-638 

0-613 
0-370 


28221 5° 
99570'' 

6166'' 
13320'* 


C 194-084 COa 
1 247016 N 

[ T4-9355 HO 
1 18-2646 COa 
I 92-9320 N 

( 0-65967HO 
\ 1-6122800, 
( 6-166 N 

f 3-330 HO 
\ 10-36 N 


662-18 N 
274-67178 CO, 

18-925 HO 


68 9644 
290344 

2-0012 


•27 
•22 

•847 


487-366 401261" 


946-67678 


100-0000 


•267| 



■^^^^ 946-6767f X -267 = ^^®* ^' °' ^^^' ^^^- ^^ 
temperature these gases are theoretically capable of 3delding 

* The specific heat here given for water is too high ; but the error 
IB not material to the argumenti — ^D. K. C. 

l8 
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on oombnstion. This degree of heat is amply sufficient for 
raising steam, heating the blast, manafacturing gas and coke, 
burning bricks or lime, and a variety of other operations, 
bnt is not adequate to be employed with advantage for the 
manufacture of iron, as was once supposed, — an erroneous 
idea, which has led to the waste of much capital in abortive 
experiments, the success of which, a more accurate know- 
ledge of the subject would have seen to have been a priori 
impossible. 
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Section I.— FUELS: THEIR COMBUSTION AND 

ECONOMICAL USE. 

By D. K. CLARK. 
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CHAPTER I. 



CHEMICAL COMPOSITION OF FUELS AND FORMULAS 

FOR COMBUSTION. 

The fuels, or combnstibles, commonly used for the genera- 
tion of heat, are coal, coke, wood, charcoal, peat, and refuse 
tan-bark. Asphalte and petroleum, with other oils, have also 
been used as fuels, as well as coal-gas ; and, within the last 
few years, straw and megass or refuse sugar-cane have 
been brought into consumption for the same purpose. 

The following summary of the chemical composition of 

fuels, exhibits the relative proportions of the combustible 

and other elements, in per-centages of the total weight of 

each fuel. They are, of course, to be taken as averages : — 

Ayeraob Chemical Composition op Fuels. 



FUIL. 


In 100 parts by weight. 


Carbon. 


Hydro- 
gen. 


Oxygen 


Nitro- 
gen. 


Sul- 
phur. 


Aflh. 




percent 


percent 


percent 


percent 


percent 


pereent 


Coal, desiccated . . . 


80 


5 


8 


1-20 


1-26 


4*66 


Coke do. ... 


93-4 






_ 


1-22 


5-34 


Lignite, perfect . . . 


69 


5 


2( 


) 


— 


6 


Asphalte. . • • . • 


79 


9 


9 




3 


Wood, desiccated . . • 


50 


6 


41 1 




2 


Charcoal do. ... 


79 


2* 


11* 


— 


8 


Peat do. ... 


59 


6 


30 


1-25 




4 


Peat charcoal do. . . . 


85 




— 




— 


15 


Straw, 16J per cent, mois- 














ture 


36 


5 ' 38 


•43 




4-76 


Petroleum 


85 


13 


2 


— 


— 




Petroleum oils . . ^ . 


72-6 

1 


i 27-4 

1 








~~ 



* These proportions are given as 2 of free hydrogen, and 11 of 
hydrogen, oxygen, and nitrogen. 
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It is convenient lo fonnuUto tbo reUtions of the coB 
fitituertt dements of fuels with the qnantit; of air enteringfl 
into ciiemi^^nl combination nith tbo elements, in combns- ] 
tion; tbo quantity of the gaseous products of combustion, 
the bent evolved in combustion, and the tempemture of 
combiiBtiou, Tbo following fonnulns and rules, for tliese 
objects, are derived from the writer's Manual of Rules, Toft 
and Data: pp. 398 to 458:— 

Air comimed iit the Comhmlion of Fuels. — Let the O' 
stituenta of a fuel bo eTprossod proportionally i 
oentnges of tbo total weight of the fuel, by their initials, G, 
H, O, S, N, respectively representing carbon, hydrogen, 
oxygen, cnilphur, and nitrogen. The volume of air at 62' 
Fahr,, chemically consumed in the complete combustion of 
1 lb. of the fuel, putting A for the volume in cubic feet of 
>Mx at 62°, is expressed by the formula, — 

■ A = 1-52 {C + 8 (H - ° + -4 S) 

To lind tbo weight of the air chemically ooqsoiqhJ 
divide tho volume thus found by 1S'14 ; the quotient j 
the weight of the air in pounds. 

Note. — In making ordinary approximate calculatiosH, & 
saiphur may be omitted. 

QiiantUij of the (joaeous Producls of Combuit'io. 
be the total weight of the gaseona prodQcte of combustio]| 



11' = -126 C + -358 H + -058 8 + -01 N 

The total volume of the bornt gasea at 62° Fahr., 
given by the formula ; — 

■ V = 1-52 C + 5-52 H + -565 8 + '185 N 

W ^e correaponding volume of the gaaes at higher tempei 
tures is given by the formula, — 



r 
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• + 461 
523 



(4) 



i wbich V is the volume at 62° Pahr., t' tho u 
ture, and V the new volume. That is to say, the expanded 
volume at any other temperature (', is formed by multiply- 
ing* the volume at 62° by tie new nbaoluto temperature 
{t + 461), and dividing by 523. 

Heat eeohed by the Combustion of Fuels. — The total 

quantities of beat evolved in the oombuBtion of one pound 

of the elementary combustibles with oxygen, are, according 

to the experiments of MM. Favre and Silbei-mann, 

. ^owH : — 

^B KeIT of COUBUSTION. 

W^ Hydrogen 63,032 English units. 



Sulphur 



From these data, the heating power of a fuel may be 
calculated, approximately, as the sum of the heating powers 
of its elements ; excepting that, when oxygen ia present in 
the combnetible, a deduction is to be made for the ec[uiva- 
lent of constituent hydrogen neutralised by it, supposed to 
exist in the chemical state of water in the fuel. Putting h 
for the total heat of combustion,- — 

H A = 145 (C + 4'2B (h — g) -f -28 S) (6) I 

The item for sulphur, -28 S, ia not considerable, and it 1 
may be omitted from calculations for ordinary purposes. 

Dividing the second number of the formula by 996, the J 
total heat of ateani raised under atniospberio pressure from 
■water at 212°Fahr., the (quotient expresses the ecjuivalent 
evaporative power of the fuel. Putting e for the evapora- 
tive power of 1 lb, of a fuel, in pounds of water from and at 
212° Fahr. 



-I 



f 



MBUSTION AND ECOXOMY. 



:-15(C + 4-S 



'(H-^) 



3S) 



(6) 



When the total heating power, in heat-units, is known, 
divide it by 966, to find the equivalent evaporative power 
in pounds of water from and at 212°, per pound of fuel. 
It may be roughly approximated to by using the divisor 1000. 

The Temperature of Combuslion. — Though the actual tem- 
perature over attained in practice is a doubtful enbject, the 
nominal temperatareH that would he attainable, may be calcu- 
lated on the BUppOBition that the specific heat of gases is cou- 
Btantforall temperatures, that the products of combustion are 
not diluted by surplus air, and that no decomposition or " diS' 
BOciation " takes place. The principle on which it is calcu- 
lable, is that the product of the weight of burnt gases per 
pound of fuel by the average specific heat of the gases 
expresses the number of units of heat absorbed in raising 
the teraperatare 1° Fahr., aod the quotient obtamed by 
dividing the total heat of combustion by this product is tho 
total rise of temperature. 

If surplus air be mixed with the products oi combustion, 
the rise of temperature in combustion is less than when the 
gases are not diluted. It is calculated in the same way, 



CHAPTEB n. 

COAL. 

The chemical history of the combustion of coal has been 
repeatedly and thoroughly elucidated by competent men. 
Of these, the earliest and most conspicuous is Mr. Charles 
Wye Williams, to whom the world is much indebted for the 
thoroughness, impartiality, and lucidity with which he has 
treated the subject, and the unwearied pertinacity with 
which he sought to impress his views on the minds of the 
public. Much ridiculed he has been, no doubt; that is 
because, having felt strongly, he, with emphatic iteration, 
dwelt upon elementary truths which nobody was supposed 
to question. Scandalised he has been, too ; that is because, 
regardless of the feelings and interests of others, he de- 
nounced as empiricism and quackery that which violated his 
sense of ** chemical propriety." Nevertheless, Mr. Williams 
laboured well and efficiently in the cause of coal combustion 
and smoke prevention. 

The question of the prevention of smoke has been inti- 
mately associated with that of the combustion of coal. They 
are, indeed, essentially one question, for if coal be completely 
burned, there cannot be any smoke ; and, otherwise, if there 
be smoke, the coal is certainly not completely burned. 

It is purposed now to add some observations on the same 
subject, complementary to the works of Mr. C. W. Williams 
and W. S. Prideaux. 



Pfls4 



Kt'ELS ; niEIR COMBVSTIOS ASH ECOSOMT. 



Throaghonl (ill the primftry and Becondary conditions of 
the hydro-carbon compounds raised by distillation from coal, 
the hydrogen maintains the first claim to the oxygen present 
above the fuc! : until it is satisfied, the carbon remains an- 

Tho following sttmmary presents the average compositioi 
and charactoriNticB of English, Welsh, and Scotch coals, 
rived from the Beport on Coala suited to the Royal Navy 



AvEEAOE OsEincu CoMi'OBrnoN' o? BitinaK Coal?, 
(From the lieport on Coala suited to the Royal Navy.) 



1 







C.u»iitu..tE.= 


nratoTjr-Weiglit. 




1 

it 

f 


J 


Looalit)'. 


1 


1 


1 


1 


1 


1 




percent 


rwrnml 


permrat 


«rchit 




per Mot 




ibi. 






















82-12 


fi'3! 


6-69 


1-36 


1-24 


3-77 


60-7 


8-»7 




77'eo 


6-33 


O'fiS 


1-30 




4-88 


60-2 




Scotch . . . 


78-fi3 


561 


Q'GQ 


i-o 


MI 


4-03 


61-2 


770 




















Yorkshire . 


7868 


4'91 


10-28 


1-41 


1-01 


2 65 


SO'2 




Total Avcrngee 


Ba-40 


6'13 


7-87 


1-21 


1-25 


4-05 


61-4 


8-13 



^P It appears, from ttis summary, thnt the composi 
"British coals averages about 80 per cent, of carhor 
cent, of hydrogen, 8 per cent, of oxygen, \\ per cent.'^ 
nitrogen, 1^^ per cent, of sulphur, and 4 per cent, of asliV^ 
Also, that the colse, or fixed carbon, as distinguished frora t 
volatilized carbon, averages a little over 60 per cent, of t 
■weight of the raw material, leaving the difference of 6 
60, or 20 per cent, of carbon to puss off with the hydrogefij 
forming hydro-carbon compounds. The diaposition of t 
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elements of 100 lbs. of average coal in combastion, would, 
then, be as follows : — 

100 LB8. OF AyEBAOE CoAL IN THE FuKNACE. 

Volatilized hydro-carbons [^^f^ ; ; ; ^^l^" 

Fixed carbon, or coke 60 „ 

Oxygen, nitrogen, sulpliur, aah J^ „ 

100 „ 




HuoR discussion has arison on the qnestion of the effective 
heating power of hydrogen raised from coal, and its value in 
that respect compared with carbon. One thing is clear, 
that in order to tuake the beat of it, the hydrogen, once 
volatilized should bo oxidised, as well as the carbon asso- 
ciated with it, in order to realise the large measure of heat 
generated by combustion. There existed a favourite theory, 
poBGoasing h( least the merit of simplicity, that the beating 
power of coal was measured by that of its constituent 
" carbon. The evidence of the evaporative powers of coals, 
abstracted in the foregoing table, appears to support this 
mode of estimation, in so far as the evaporative efficienoy 
rises generally ^vith the percentage of constituent carbon. 
The percentages of constituent hydrogen vary within narrow 
limits, and do not afford data for marked comparison ; but it 
may bo suggested that, generally, the evaporative efficienoy 
is less as the constituent hydrogen is greater in quantity. 
But, neither the variation of the hydrogen, nor those of the 
carbon, suEBce to account for the comparatively wide differ- 
ences of efficiency. On referring, nevertheless, to the nest 
column, the constituent oxygen, it is remarkable that the 
efficienoy of the fuel decreasea regularly as the percentage of 
oxygen in the fuel increases. Welsh coal having about M' 
per cent, of carbon, and 4 per cent, of oxygen, ovaporai 
:8-05 lbs. of water per pound of fuel ; whilst Derbyshire coal 
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hsTing about 60 per cent, of carbon, and 10 per cent, of 
oxygen, evaporates only 7'58 Iba. of water. The difforonoe of 
evaporative efficiency is not sufficiently accounted for by the 
difference of carbon ; nor by the difference of bydrogeo, 
the amounta of wbich, in fact, are praetically the Eame. The 
prime cause apparently is the constituent osygen, which is 
in great excess in the inferior coal ; and an explanation 
readily occnra. It is necesBary that all this oxygen ba vola- 
tilized, when it absorbs a portion of heat, which is thus 
diverted from the business of evaporation ; and though, no 
no doubt, it may subsequently restore the heat thus tempo- 
rarily abstracted, in combining with the hydrogen as a gas, 
yet, as compared with atmoapheric oxygen, wbich, in the 
absence of solid oxygen, supplies its place, the solid oxygen 
IB at a disadvantage, in so far as atmospheric osygen is 
yielded at once in the half- converted and desirable condition 

It appears, then, that the evaporative efficiency of coal 
variea directly with the quantity of constituent carbon, and 
inversely with the quantity of constituent oxygen ; but that- 
it varies not so much because there is more or less carbon, 
as, chiefly, because there ia leas or more oxygen. The 
percentages of constituent hydrogen, nitrogen, sulphur, and 
ash, are practically constant, with individual exceptions, of 
course ; and their united influence should be so also. Treat* 
ing the question as one of evaporative efficiency, the Bolntion 
of it lies between the carbon and the oxygen.* 

Mr. 0. W. Williams has expounded, fully and explicitly, 
the physical conditions for the complete combustion of coal 
in ordinary furnaces. The cardinal condition, on vfhich he 

• The author drew attention to the apparent inverse relation betweea 
tha pereentage of tho constituent oijgon in coal, and the Bvaporativa 
•ffidaicy of tie coal, in Ma work, " Kocent Piaetica in the Locomotive ' 
Xngine," publlalied in. 1S38-9, page 20*. M. Perissf recogoUes tb>9 ' 
a relation in his artiole on " Gas FamaceB," in tho " Memoire* | 
|t BodStE dea IngSnieurB CiTilB," 1874, page 803. 
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hEtB forcibly insisted, la the quick and complete intermistiire 
of the gaseoaa elementa for combnBtion— the air oiid the 
combustible gnacs ; iiud, for having drilled this principle of 
operation into tho minds of eagtueers, it is probnble that bis 
memory will remain over green. The complioatioa that 
usually characterises the burning of coal is both physical and 
chemical — physical, becauso an intimate mixture and a Btut- 
ftble proportion of the elementa concerned is eBsential to 
completeneBs of their conversion ; chemical, because, unfa 
tuuntely for the special object of tho furnace, which i 
generate heat, the less iuiportant clement, hydrogen, is 
cisely that which demands the prefereuce, and must have 
share of oxygen, beforo the claims of the staple eli 
carbon, can be really aati^hod. The occasional presence 
oxygen and nitrogen in the fuel, in considerable quantity, 
leads to further complication of the process, aa they must be 
volatilized and driven off in the course of distillation, 

That an intimate mixture of the elements for combastioD 

B of groat practical importance for completing combustion 
i9 easily proved, experimentally, by deUveriog one or mora 
jets of steam of considerable presence into the fireplaefl 
above the fuel. The steam acts as a " steam -poker," to stil 
about and intermix the air and the gases, and so complete 
intermixture wanted for effecting entire combustion. On 
principle, the system of Mr. M. W. Iviaon, patented in 18i 
was based, A steam-pipe was led from the boiler into 
interior of the furnace, where it terminated above the grate ; 
" streams of steam " were delivered amongst the gases rising 
from the fuel, in order by mixing therewith "to consume 
the smoke," and perfect the combustion. But obviously, 
unless an insufficient quantity was present with the steam, 
comhustioa could not be accomplished ; and it followed thai 
in many situations, Mr. Ivison'g system did not answer 
purpose intended. 

. The writer, arguing that agitation and mixture, witi 
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toould not fnlfil the purpose any more than air in quan- 

b ■without mixture, devised a system, patented in 1857 

I 18C1, by which the presence of a supply of air for 

jbustion was easni'ed, in conjunction with jets of steam 

feloyed for completing tlie mixture in the furnace. A few 

Bof steam were, in ordinary stationary boilers, delivered 

a Iho space above the doorway over the fii'e, towards the 

md they caiTied with them a supply of external air, 

inductian, which was drawn in and delivered right into 

I midst of the combustible gases, with which it waa 

mtly and completely mixed. The supply of ah' was , 

ivered thi'ough cirealar openings, ono to each jet of 

1 which it waa placed concentrically, or in a sheet 

tlirough the door, directed upwards by simple arrangementa 

to meet the jets of steam. The system is thoroughly ofibc- 

live for the prevention of smoke. 

It is nevertheless un question able that, regardless of the 
qaantiiy of air admitted, smoke may be prevented by the 
simple admission of air by the doorway, leaving, for this 
^jurpose, the door a little way open. Mr. C. W. Willittms,* 
referring to the practice of stokers on the Mersey, says that 
<■ when the furnace door is partially opened, that is, ' kept 
ajar,' the air enters in a restricted quantity, and in a thin 
film, thus presenting an extended sheet or surface for con- 
tact with the newly formed gas, and effecting its combustion. 
IF, however, the smoke stili continues to be formed, the 
stoker, naturally bnt ignorantly expecting a good result from 

the same cause, opens the door wider By the lirst 

uperation, keeping the door slightly ajar, the effect is useful, 
both in respect to steam and smoke. When, however, the 
door is opened wider, the air, instead of entering as a thin 
sheet or film as before, rushes in in a body, with the force 
«nd effect of an onward current. The vigorous current 
Letter on the Opeiation of the Smote Nuisance Act," 1858, 
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seoessarily counteracts or defeats the reqaired mixiag or 
diffusive action between tbe gases and the air ; the latter 
passiofj rapidly towards the flues in an unbroken mass, and 
producing the cooling effect already mentioned.'' 

Thus, even the apostle himself unbends, not hesitating to 
agree that a sufficient degree of diffusion may result whea 
the air is admitted in the form of a thin sheet at the d( 
way, though not necessarily subdivided into Jets. 
Bode* states that 31, Combes, after having tried an arrai 
meut similar to that of Mr. C. W. Williams for smoke pre- 
vention, arrived at the same result by simply delivering UiS 
nir horizontally beyond tbe bridge, from two conduits in tbe 
sides of the fumaoo. Through sight- openings it could ba 
observed that when, after firing, these openings were closed, 
dense black smoke was discharged, and that the smoke 
vanished when they were opened, and was replaced by 
brilliant flame. But, unfortunately, though smoke was 

iffeetuatly prevented, there was no saving of fuel. 
Sir William Fairbairn t made many experimental obsem- 
le action of Mr. C. W. Williams's system, tlie 

iBuUs of which were embodied in a Report to the British 
Association. Ho announced, as the general result of these 
experiments, that an economy of 4 per cent, of fuel was 
effected by the use of Mr. Williams's system, compared with 
the ordinary system of furnaces and stoking. This amonnt 
of economy was considerably less than that which was 
effected under Mr. Williams's direction. Sir William Fair- 
bairn deduced from his experiments that the area of perma- 
nent opening for air above the fuel should not exceed 
1 square inch per square foot of fire-grate for double 
flue-boilers, and Ij square inches for cylindrical boil« 

|uDder-£red, probably]. 

" De I'Economie dxi Combustible," 1363, page 100. 
"Useful luformatioafut Engineera," 18ofi, page ^9, 
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Mr. Thomas Wicksteed * testified to the remarkable eco- 
nomy that may be derived by detaining, and actively and 
repeatedly mixing, the products of the furnace, and the air, 
in the flues. To effect this object, the floor or flame-bed 
beneath the boiler, when under-fired, or the lower portion of 
the tubular flue of internally-fired boilers, was formed as a 
succession of ^* semi-elliptical chambers,'' as Mr. Baker called 
them — being, in fact, a floor constructed like a series of 
curling sea-waves. The points of the ridges thus formed, 
entangled and diverted the inflamed currents, rolling them 
over and accelerating their intermixture. A supply of air was 
admitted by two successive openings at the back of the 
bridge. Burning small Newcastle coal of inferior quality, in 
two comparative experiments, made with plain Cornish 
boilers, and with the same boilers adopted with Mr. Baker's 
system, Mr. Wicksteed found that when the quantity of 
water evaporated per hour was about the same in the two 
cases, the evaporation per pound of coal amounted to 
6-92 lbs. and 7*70 lbs. of water, respectively, from the initial 
temperature, 90° to 95° Fahr. ; or, reckoned from 212°, the 
water per pound of coal was respectively 8*22 lbs. and 
9*27 lbs., showing an economy of 12} per cent, in favour of 
the wave-system of flue. The system was not tested as a 
smoke-preventer, but the quantity of visible smoke was 
materially diminished. 

Mr. William Gorman, t in 1859, demonstrated the advan- 
tage of separate and alternate supplies of air above and 
below the grate in ordinary furnaces, ** consuming the gas 
and the coke of coal at different intervals of time." After 
a fresh charge of coal, the ashpit was nearly closed, and the 

* Keport of Mr. Thomas Wicksteed on the Steam Boiler Furnace of 
Mr. Henry F. Baker ; dated June 21, 1848. 

t See Mr. Gorman's paper " On the Combustion of Coal," in the 
" Transactions of the Institution of Engineers in Scotland," 1858-59, 
page 78. 
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air-aporlnres in tho doorway were opened for the admiasiou 
of air above the fuel, to consume the gnses which were raised 
from tho fresh fuel by the hcnt of the incanUeBceDt coUe. 
When the gasea were burned off, the air-openings al the door- 
way were closed, and the aahpit-valvo was opened for air to 
paea through the grate and buru off the coke. From the 
results of comparative experiments made with a small boiler; 
in which the coal was burned with the fire-doors conatantlj 




Fig. 117.— Blep-Onilo. 

dosed, and then burned on the alternate sjfitcm of air Btrppl^,4 
it appeared that in tho second case, an evaporative duty 
95 per cent, more wits rendered than m the first case. 
These are instructive results, pointing to the true method 
of management in the combustion of fuel 

Tho etep-grata was designed for tho purpose oi burning 
small coal, slack, and decrepitating fuels, like some hgnites 
and dry coals. It consists of a number of cast-iron plates, 
Fig. 117, arranged like steps indescendin^ order, and anpple- 
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mented by an ordinary flat grate. The coal is charged npon 
the npper plates, and is pushed down successively upon the 
lower plates. These grates have long been in use, principally 
in Germany. The small particles of fuel are not liable to 
fall through the step-grate, as they would do through 
ordinary grates ; whilst the air-passages may bo made of 
any width. The conditions are favourable for the prevention 
of smoke. The greatest producers of smoke, — the coals of 
Mons and of Denain, have been burned with facility on this 
grate, without any smoke except at the time of charging fresh 
fuel. When these coals were mixed with one-fifth part of 
the dry coals of Charleroi, no smoke was produced even at 
the time of firing. It is, at the same time, to be remarked 
that the step-grate does not lend itself readily to the econo- 
mical employment of dry coals, having a short flame, since 
by the disposition of the grate, the fuel is too far from the 
boiler. 

For a 30-horse power boiler, M. Marsilly, who had much 
experience of the step-grate, employed the following dimen- 
sions : — 

Length of the plates .... 3 feet 3} inches 

Width „ „ .... 8 inches 

Advance of each plate, on the plate imme- 
diately above it 2 „ 

Thickness of the plates .... If^ „ 

Vertical distance apart .... 1^ „ 

Distance of the first or highest plate from 

the boiler 12J „ 

Distance of the lowest plate ... 2 feet 

Thickness of the bars of the horizontal 

or flat grate l^ inches 

Width of air-space between the bars . J „ 

Number of bars 5 „ 

From these data, the width of the flat grate is 7i inches ; 
the width of the horizontal projection of the inclined grate is 
8 feet 2 inches, and the total horizontal width of grate is 

m2 
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8 feet 9 inches. Multiplied by 8 feet 8^ inches, the length 
of the bars, the area of the grate amounts to 12} square feet. 
The sum of the widths of the air-spaces in the grate-surface 
is eqnal to 10 inches, or about one-fourth of the total width 
of grate. With the step-grate now described, the production 
of steam was at the rate of 6*10 lbs. per pound of coal : — a 
result which was considered to be satisfactory. 



CHAPTEB IV. 

EVAPOEATIVE PEEFOEMANCE OF COAL IN A AIAEINE 
BOILEE AT NEWCASTLE-ON-TYNE. 

The principal portions of a report embracing the results of 
an instructive course of experiments made in 1857, are given 
in the Appendix, p. 174. Those experiments, which were con- 
ducted by Messrs. Longridge, Armstrong, and Kichardson, 
were made to test the evaporative power of the steam-coal of 
the Hartley district of Northumberland. The experimental 
boiler was of the marine type, 10 feet 3 inches long, 7 feet 6 
inches wide, and 10 feet high ; with 2 internal furnaces, 3 feet 
by 3 feet 3 inches high, and 135 flue-tubes above the furnaces, 
in 9 rows of 15 each, 3 inches in diameter inside, 5i feet 
long. The dead-plates were 16 inches long, and 21 inches 
below the crown of the furnace. As the result of many 
preliminary trials, two standard lengths of fire-grates were 
fixed upon — i feet 9 inches, and 3 feet 2 J inches, with a fall 
of i inch to a foot ; and the fire-bars were cast J inch thick, 
with air-spaces from f to J inch wide. The fire-doors were 
made with slits i inch wide and 14 inches long, for the ad- 
mission of air. The chimney was 2 feet 6 inches in diameter. 
A water heater was applied at the base of the chimney, in 
the thoroughfare ; it contained 76 vertical tubes, 4 inches in 
diameter, surrounded by the feed- water. 

Total area of fire-grates, 4 feet 9 inches long, 28J square feet. 

ft ft 3 „ 2f- „ „ ly^^ „ 

Heating surface of boiler (outside), 749 square feet. 
„ water heater . . 320 „ 
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Eatio of larger grato-area to heating sorfaco of boHer, 1 to 26*28 
jf smaller „ „ ^ 1 to 38*91 

Two Bystems of firiog were adopted, as *' standards of 
practice : *' — First, ordinary or spreading firing, in which the 
fuel was charged over the grate, and the whole of the supply 
of air was admitted through the grate. Second, coking-firing, 
in which the fuel was charged, 1 cwt. at a time, npon the 
dead plate, and subsequently pushed on to the grate, making 
room for the next charge ; and air was admitted by the door- 
way as well as by the grate. Four systems of fomace were 
tried, of which Mr. C. W. Williams's was adjudged by the 
experimentalists to have rendered the best performanee. 
According to this system, air was admitted above the fire 
at the front of the furnace, by means of cast-iron casings, 
having apertures on the outside, with slides, and perforated 
through the inner face, next the fire, with numerous | inch 
and i inch holes, having total area of 80 square inches, or 
5*83 square inches per square foot of grate. Alternate firing 
was adopted by Mr. Williams. The general results of the 
experiments are given in the following table. 
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The experimentalists reported that Mr. Williams's pU 
gUTo the best rcEQlts, and they concluded: " Ist. TLat,li 
an easy method of firing, combined with a due admission i|| 
air in front of the furnace, (ind a proper arrangement of fii 
grate, the emisBion of smoke may be effectually prevent* 
in ordinary marine multitubular boilers whilst i 
Hteam-coals of tho Hartley district of Norlhumberland. 2ad. 
That the prevention of smoke inereiiiies the economic value 
of the fuel and tho evaporative power of tho boiler 
That the cools from the Hartley district have an evaporative 
power fully equal to that of llie best Welsh steam-coals, and 
that, practically, as regards steam navigation, they are de- 
cidedly superior," 

These gentlemen made a trial of Aberaman Welsh coal, ai 
tfaey found that its practical evaporative power, when it wu 
hand-picked, and tho small coal rejected, was at the rate a 
12'85 lbs, of water per pound of coal, evaporated from 2]3°9 
ibis may be compared with the best rcsuU from Hartley 
coal, large and siuaU together, in the table, which i 
ia'63 lbs, water from 212° per pound of coal, or witi a 
other result of experiment with Hartley coal, not given H 
the table, showing 12-91 lbs. water per pound of coal. 
a check on these results, tbcy ascertained the total heat c 
combustion of the two coals here compared, by me 
apparatus constructed by Mr, Wright, of Westminster, i 
contrived that a portion of coal is burned under water, i 
the products of combustion actually passed through I 
water, which absorbs tho whole heat of combustion, 
following are llie comparative values : — 



"Welah cool, himd-picked . . 12-35 Iba. 
Hartlef coal, large and small 12'9I „ 



. 14-30 Ihs. 
. li'63 „ 



The experimentalists also point out the " elasticity I 
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action " of the Hartley coals : they burned them at rates 
varying from 9 to 87i lbs. per square foot of grate per hour, 
without difficulty, and without smoke. The Welsh coal, 
burned at the rate of 34^ lbs. per foot per hour, melted the 
fire-bars, it is said, after an hour and a half s work. 
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An important and oxtonsivo series of cxporimentB on tlie 
cvaporntive power of tlio coah of South Lancaehire and 
Choshiro, wore conductciJ at ■Wigan in 1606^68, by Mr. 
LaviogtoD E. Fletcher. The roBoIt.i of these trials have 
lioen abstracted by the writer in his Manual of Rul^, 
Tiihh'i, and Data: from which the following notice is de- 
rived. 

The coal selected for trial was Hindloy Yard coal, from 
Trafford Pit, which ranks with the best ooala of the district. 
Three stationary boilers wore selected ; 1st, an ordinaiy 
double-flue Lancashire boiler, 7 feet in diameter, and 28 feet 
loDg ; the llne-tnbes wore 2 feet 7i inches ia diameter inside, 
of I inch plate. 2nd, another Lancashire boiler of the same 
dimcnBioas, in which the tubes were of iV inch steel plate. 
8rd, a Galloway, or water-tube boiler, 20 foet long, 
6 feet G inches in diameter ; with two furnaoo-tubea 2 
7i inches in diameter, opening to an oval flue 5 feet ivide 
2 feet 6i inches high, containing 24 vertical conical water- 
tubes. The first and second boilers were now and specially 
constructed for the trials ; the third boiler was a second- 
hand one. Those three boilers were set side by side, on 
side walls and with two dampers. The flame passed tlirough 
the fluo-tubes, back under the boiler, then along the sides to 
the chimney. The chimney was 105 feet high, above the 



late. 



PERFORMANCE OP COAL IN LANCASHIRE BOILERS. 251 

floor; octagonal, 6 feet 10 inches wide at the base, and 
5 wide at the top, where the sectional area was 21 square 
feet. 

Total grate-area in each boiler :— 6 feet long ; 31'6 square feet. 
» » 4 „ 21-0 „ 

Lancashire. Galloway. 

Heating surface, in flue-tubes 464-34 square feet. 431-12 square feet. 
In external flues 303-08 „ 288-24 „ 

Total surface 767-42 „ 719-36 „ 

Ratio of grate-area, 6 feet) , . . . ^ 

long, to heating surface / ^ *^ ^4-4 „ 1 to 22-8 „ 

Eatio of grate-area, 4 feet ) , . «/> r 

long, to heating surface j ^ ^ ^^'^ » 1 *o 34-3 „ 

Circuit, or length of heating \ 

centre of the grate. . . . / 
Total distance from centre ) 

of grate to base of I 117 „ 101 „ 

chimney ; 

Height of chimney above \ 

levelof floor / 100 feet. 

A Green's fuel-economizer was placed in the main flue ; 
it had 12 rows of 4^ inch cast-iron pipes, 8 feet 9 inches 
long, placed vertically — 84 tubes in all — having a collective 
heating surface of 850 square feet, exclusive of the connect- 
ing pipes at top and bottom. The feed-water was passed 
through the economizer on its way to the boiler, and ab- 
sorbed a portion of the waste heat. 

The fire-grates were tried at two lengths, 6 feet and 4 feet. 
The shorter grate gave the more economical result, but it 
generated steam less rapidly. Three modes of firing were 
tried — spreading, coking, and alternate firing. With round 
coal, on the whole, the greatest duty was obtained by coking 
firing, with the least smoke. With slack, alternate-side firing 
had the advantage. 

Fires of different thicknesses were tried: 6 inches, 
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9 inclies, and 12 inches. It w&B fontid that 9 inches ^as 
better than 6 iuchea, and 12 inches better than 9 inches. 
Air admitted at the bridge gave a slightly better result than 
by the door ; and the admission of air in Eicnll c^nantity on 
the coking ByBtem, prevented smoke. The doors were 
double, slotted on the outside, and pierced with holefl 
on the inner side. The maximtim area of opening was 
81^ Bquaro inches for each door, being at the rate of 
2 sqtiaro inches per square foot for the 6-feet grates, and 
S square inches for the 4-feet gratis. The amount of 
opening was regulated by a slide. 

The standard fire adopted for trial was 12 inches thick, 
of round coal, treated on the coking system, with a little 
air admitted above the grate, for a minute or so nftwH 
charging. 

The water was evaporated under atmospheric pressure. 
■ The quantity of refuse from the Hindley Yard cor 
Bfferaged. in the trials with the mniine boiler, to 
Vards described, 2-8 per cent, of clinker, 2-8 per cent, 
ash, and 08 per cent, of soot, in all, 6'4 per cent. Making 
allowance for the difference of soot, the total refuse may 
be taken, in the trials of the stationary boilers, at ( 
cent. 

Ocncral Deductions.— The advantage of the 4-fBot 
over the Cfeet grate, was manifested by comparative 
with round coal 12 inches thick, and slack 9 inches th 
With tiiu 4-reet grate, the evaporative efficiency, tak 
avei-ages, was 9 per cent, greater than with the G-feet grat 
though l!ic! rapiility of evaporation was 15 per cent. IesS|. 
the same time that 19i per cent, more coal was homed 
square foot per hour. 

When equal quantities of coal were burned per hour, the 
fires being 12 inches thick, 8 per cent, more efficiency and 
12 per cent, greater rapidity of evaporation were obtained 
from the shorter grate. Thus : — 



PERFORMANCE OF COAL IN LANCASHIRE BOILERS. 253 





Coking Firing 


• 


liCngth of grate 


6 feet. 


4 feet. 


State of damper 


two-thirds closed. 


fully open. 


Coal per hour 


4*0 cwt. 


4*14 cwt. 


Coal per square foot of grate 






per hour .... 


14 lbs. 


23 lbs. 


Water at 100° evaporated per hour 


65 cubic feet. 


72-6 cubic feet. 


Water at 2 12° per pound of coal 


10-10 lbs. 


10-91 lbs. 


Smoke per hour : — 






Very light .... 


4*3 minutes. 


4-1 minutes. 


Brown .... 


0-4 „ 


0-3 „ 


Black. .... 


0-0 


00 



To compare the performances with coking and spreading 
firing, having 12-inch fires for round coal, and 9-inch fires 
with slack : — ^Whilst, with round coal, the rapidity of eva- 
poration was the same with both modes of firing, the effi- 
ciency was from 8 to 4 per cent, greater with coking. With 
slack, on the contrary, the spreading fire evaporated a fourth 
more water per hour than the coking fire, though with 4J 
per cent, less efficiency. 

With thicknesses of coking fire, 6 inches, 9 inches, and 
12 inches, for round coal ; and 6 inches and 9 inches for 
slack ; the results were in all respects decidedly in favour of 
the thicker fires than the thinner fires. Comparing the 
thinnest and the thickest fires, from 5^^ to 20 per cent, more 
water was evaporated per hour by the thickest fires, and 
from 11 to 18 per cent, more per pound of fuel. 

The eflfect of the admission of air above the grate, con- 
tinuously or intermittently, for the prevention of smoke, as 
compared with that of its non-admission, was ascertained 
with round coal, and with slack. The averaged results 
showed that by admitting the air above, the evaporative 
efficiency was increased 7 per cent. ; but that the rapidity 
of evaporation was diminished 3^ per cent. 

Comparing the admission of air above the fuel at the door, 
and at the bridge through a perforated cast-iron plate; it 
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was found that the admission at the bridge made a better 
performance, by about 2J per cent, tban at the door. 

To try the effect of increasing the supply of air above lie 
fuel, the door-frame was perforated to give an additional 
square inch of air-way per foot of grate, making ap 3 Bqnare 
inches ; an allowance of 1 square inch was also provided at 
the bridge. Bound coal was bnrned on the coking system, 
12 inches thick, on 0-foet grates, with a constant adnuBsion 
of air nbovo the fuel. When the supply by the door was 
tccreased from 2 inches to 3 inches per square foot of grate, 
the evaporative oflicioncy fell off 8J per cent., and the 
rapidity S per cent. When an extra inch was supplied at 
the hridge, making up 4 square inches per foot of grate, the 
evaporative etficienoy only fell off 0-65 per cent., and the 
rapidity IJ per cent. The eil'ect of this evidence is, that 
the bridge ia the better place for the admission of air, and 
that if the air be admitted by the bridge alone 
supply may he beneficially raised to 4 square inches per 
square foot of grate. 

Comparing the oif'ect of tho admission of air iii a bodj 
undivided, with that of its admission in streams, 
grate, with coking Ares 12 inches thick of round coal, the 
was 6J per cent, of loss of efficieney by the admission ia 
body, though the smoke was equally weU prevented. 

Mr. Fletcher concludes that the greatest rapidity 
evaporation was obtained when tho passages for the admis- 
sion of air above the fuel were constantly closed ; that the 
next degree of rapidity was obtained when they were open 
only for a short time after charging, and the lowest when 
they were kept open continuously. He also concladea that, 
whilst, in realizing the highest power, of a free-burning and 
gaseous coal, smoke is prevented ; yet, in realizing thfl 
highest power of the boiler, smoke is made. 

In burning slack, smoke was prevented as successfully bk' 
in burning round coal, though its evaporative efficiency waB 
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from 1 to li lb. of water per pound of fuel less than with 
round coal. 

To work out the problem of firing slack without smoke, 
and without loss of rapidity of evaporation, trials were made 
at the boilers of 16 mills, when the slack was fired on the 
alternate-side system. No alterations were made in the 
furnaces in preparation for these trials ; in many instances, 
the fire-doors had no air-passages through them. The 
grates were from 8 feet 7 inches to 7 feet long; they 
averaged 6 feet in length. 

Number of boilers fired 65 boilers. 

Slack burned per boiler per week of 60 hours . 17*36 tons. 
Slack per square foot of grate per hour . . 19-25 lbs. 

Smoke per hour : — 

Very light 11*5 minutes. 

Brown 2*3 „ 

Black • _0;3^ „ 

14-1 

In 12 instances, no black smoke whatever was made. It 
is said that the steam was as well kept up, and the speed of 
the engines as well maintained, as before the trials were 
made. 

The performance of the double-flue boilers amounted prac- 
tically to the same as that of the water-tube boiler. 




;. Michael Reynolds, in hie excellent work on " 
motive Enginu Driving," thoroughly and autliorit a. lively d 

s the mnnagoinent of the fire in a locomotive engine, B 
as to keep up Eteam, to prevent waste, and to ecoQonuBe the 
fuel. " Sometimea," ho Bays, " Welsh coal, probably from 
being too much wottoJ, hangs together in the fii'ebox, and 
prevents the engine from steaming evenly, causing the fire to 
bum hollow, anil draw air. An engine fire will sometimes 
run for miles without any variation of preseure in the boiler 
of J lb. per fiijuaro inch, either way, unless the feed happens 
to be put on. The first thing ror[uired to be done with such 
a stupid fire is to got a shovelful of small coal, and scatter 
them poll-moll over the top of the fire, but chiefly along tb^ 
sides and front of the box ; the efTect will be that BomsdH 
the small coals put on in this way will fall into the voriH 
hole or holes through which the engine is drawing aiJH 
Tobacco-smokers sometimes do -this kind of thing to g^| 
their pipes to burn. They slightly move the tobacco wil^B 
their finger on the top, and that knocks a morsel of wbmH 
into the air-hole, and the pipe afterwards burns charmingl]^| 
When this plan is of no effect— and this can be soon asceiH 
tained by watching if the needle of the press nre-gangH 
begins to rise — the dart should be thrust into the centre dfl 
the fire, and the fire gently raised so as to open it if it cloEM^H 
or to close it together when it has burned hollow. Vnm^^M 
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that a driver can see his way with such a fire, it is, in point 
of economy, best to leave it undisturbed, for, sooner or later, 
the action of the blast and the vibration of the road will 
bring it round ; but, of course, on fast and important 
trains, action is required to be taken at once, and either 
of the two mentioned remedies will seldom fail to move the 
needle. 

"The coal-fire of haycock shape, eminently associated 
with failures through want of steam, is made by shovelling 
the coals into the middle of the firebox, a practice about as 
far behind the times, comparatively speaking, as the use of 
the flint and the tinder-box would be in the year 1878. The 
characteristics of such a fire are — uncertainty as regards 
making steam, and certainty as regards destruction to fire- 
boxes and tubes. It generally draws air at the walls of the 
box, and, in consequence, the fire-irons are always in the 
fire, knocking it about, and wasting the fuel. As such fires 
are formed on the centre of the grate, they weigh down the 
fire-bars in the middle, and may even cause them to drop 
off" their bearers or supports. But there are greater evil 
consequences even than these : the cold air being admitted - 
into the firebox up the sides, instead of in the middle, comes 
into direct contact with the heated plates and stays, doing 
them a deal of damage by causing intermittent expansion 
and contraction. 

" That the fire in a locomotive firebox should maintain 
steam under all circumstances of load and weather, should 
consume its own smoke, should burn up every particle of 
good matter in the coal, and, in fine, should be worked to the 
highest point of economy, it requires to be made in the 
beginning, and maintained^ to a form almost resembling the 
inside of a tea-saucer, shallow and concave, where the 
thinnest part of the fire is in the centre.. A fire of this 
form makes steam when other fires do not, being built on 
a principle that never yet misled either the driver or the 
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fireman. It has brought a man a good name many a 
time. 

'* How to fire ? This is a very important question. 

''The first shovelful of coal should find a billet in the 
left-hand front corner; the second shovelful in the right- 
hand front corner; the third shovelful in the right-hand 
back corner ; the fourth shovelful in the left-hand back 
comer ; the fifth shovelful under the brick arch close to the 
tube-plate; the sixth, and last, under the fire-door. To 
land this one properly, the shovel must enter into the fire- 
box, and should be turned over sharp to prevent the coals 
falling into the centre of the grate or the fire. 

''It will at once be seen that this fire is made close 
against the walls of the firebox, and in actual contact with 
the heating surface ; also that the principal mass of the coals 
lies over the bearers which carry the fire-bars. The centre 
of this kind of fire is self-feeding, for, by the action of the 
blast and the shaking of the engine, the lumps in the corners 
are caused to roll or fall towards the centre. On this 
system, the centre is the thinnest part of the fire, quite open 
and free from dirt ; the dirt falls down by the sides of the 
copper plates, and assists in preventing the cold air firom 
touching the plates. With a fire of this description, the air 
or oxygen can only get into the firebox and into the neigh- 
bourhood of the tubes through the centre — through fire— 
and, mingling with the flame, it becomes instantly heated to 
a very high temperature before entering the tubes, which 
are thereby assisted in maintaining an even pressure in the 
boiler. 

*' Coals of the same description have been delivered to two 
different drivers, having engines of the same class, working 
on the same day, running the trains over the same ground, 
with equal average loads, and the result has been, that while 
one driver could do anything with the coals, the other man 
was ' afraid * of them. The former put his coals against the 



COAL-BURNING IN LOCOMOTIVES. 259 

walls of the firebox, and the latter put them in the centre of 
the grate. 

'' The secret of first-rate firing is to fire frequently, a little 
at a time.** * 

* " Locomotiye Engine Driving," page 78. 



CHAPTER VII. 
COKE. 

Coke, as has already been stated, is the solid residnnm of 
coal from which the volatilizable portions have been remoyed 
by heat — a process which is illustrated in the action of 
ordinary furnaces, in which the gasified elements of coal are 
first burned off, then the fixed or residuary coke. 

Quantity of Coke yielded by CoaL — The quantity of coke 
produced from coal, excluding anthracite, is found, by 
laboratory analysis, to be as follows : — 

Coke {Excluding Anthracites). 
English coals • . . . . 50 to 72 per cent. 

American coals 64 to 86 „ 

French coals 53 to 76 „ 

Indian coals 52 to 84 „ 

The percentage of coke obtained from coal, excluding 
anthracite, is thus seen to vary from 60 to 86 per cent., and 
it varies as much in quality. Anthracite cokes scarcely 
deserve the name of coke ; they are without cohesion and 
pulverulent, or powdery. The best coke is produced from 
coals of bituminous quality: it is clear, crystalline, and 
porous, and is formed in columnar masses. It has a steel- 
grey colour, possesses a metallic lustre, with a metallic ring 
when struck, and is so hard as to be capable of cutting 
glass. 

Coke comprises, besides the fixed carbon of coal, the ash, 
or incombustible element of coal ; and, therefore, though a 
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given coal may yield a large percentage of coke, the coke 
may be of inferior quality, and may do less duty than a 
smaller yield of coke from another coal which contains a less 
quantity of ash. For instance, Australian coal gives 68'27 
per cent, of coke, containing 8*38 per cent, of ash ; whilst 
the Nagpore coal yields 76 per cent, of coke, containing 
18 '78 per cent, of ash. But though the yield of coke from 
the Nagpore is the greater, yet its gross efficiency must be 
the less, since the Australian contains 60 per cent, of fixed 
carbon, and the Nagpore only 67 per cent, of the total 
weight of coal, after deducting the percentage of ash. 

The quality of coke obviously depends in a great measure 
on the proportion of the constituent hydrogen and oxygen of 
the coal from which it is made, which regulate the degree of 
fusibility of the coal when exposed to heat. Taking for 
example the particulars of the coke produced from French 
coal, and arranging the average for each kind of coal in the 
order of the quantity of hydrogen in excess, the nature of 
the coke produced, as described by M. Peclet, was as 
follows : — 



ATerages. 


Hydrogen. 


Oxygen 

and 
Nitrogen. 


Hydrogen 
in excess. 


Nature of the 
Coke. 


Anthracite .... 
Dry coals, long flame . 
Bituminous coals, ) 

long flame . . / 
Bituminous hard coals 
Bituminous coking ) 

coals . . . . j 


percent. 
2-67 
5-23 

6-35 

4-88 
608 


per cent. 

2-85 
16-01 

8-63 

4-38 

6-65 


percent. 
2-43 
309 

4-16 

4-27 

4-30 


pulverulent 
in fragments 

porous 
very porous 



Showing a series of five coals, with an ascending series of 
hydrogen in excess, from 2*43 to 4-30 per cent. The 
nature of the cokes advances correspondingly from pulveru- 
lent, or powdery, to very porous or excessively fused and 
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raised. Tbo first is, in taat, a failure as a coke, and U» 
eecoud, with 800 per cent, of hydrogen in excess, barely 
coheres, being in fragments ; the third and fourth, willi 
about 1-20 per cent, of hydrogen in excess, produce a poronii 
and coheeivo coko ; and the fifth, an excessively porous 
coke, bright, but comparatively light for metallurgical 
operations. 

From this it nppoare that coal that has less Ihnn 8 per 
cent, of hydrogen in oxceea ia nnfit for coke-making ; ami 
that, for the mauafactnro of good coke, coal containing at 
least 4 per cent, of free hydrogen is required. The hydro- 
gen, being in combination with carbon, in various propor- 
tions to form tar and oil, softens the fixed carbon, and forms 
fft pasty mass, which is raised like bread by the expansion of 
'the confined gases and vapours scokmg to escape. 

Coko of good qaahty weighs from 40 lbs. to 60 lbs. pu I 
cubic foot, solid, and about 80 lbs. per cubic foot, b 
The average volume of 1 ton is 76 cubic feet, In c 
■ition, ooke varies within the following limits : — 



Carlxm . . . 86 to 97i per cent. 

Sttlpliur . . . Jto2 

Agh ... litolli ., 



Coke is capable of absorbiug from 15 to 20 per cent, of 
its weight of water from the atmosphere. Exposed to the 
atmosphere for a length of time, it commonly holds from 
6 to 10 per cent, of moisture. 

The best experience of the combusUon of coke baa been 
derived from the practice of locomotives, A rapid draaght 
is required for effecting the complete combustion of coke, 
preventing the reaction which is likely to take place when 
currents of carbonic acid traverse ignited coke, and becon-o 
converted into carbonic oxide. The writer, in 1852, showed 
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by a process of mechanical analysis,* that the combustion of 
coke in the firebox of the ordinary coke-burning locomotive 
was practically complete. The total heat of combustion of 
1 lb. of good sound coke was found ordinarily to be disposed 
of as follows, when the temperature in the smoke-box did 
not exceed 600° Fahr. :— 

78 per cent, in the formation of steam 
ISJ f, by the heat of the burnt gases in the smoke-box. 
6 j- „ draw-back by ash and waste. 
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This appropriation of the performance of one pound of 
coke is based on the chemical fact, that the maximum 
evaporative power of absolutely pure coke, — entirely car- 
bon, — is expressed by a trifle more than 12 lbs. of cold 
water supplied at 60° Fahr., evaporated into high-pressure 
steam, by 1 lb. of such coke. Of this ultimate performance, 
78 per cent, represents the evaporation of 9i lbs. of water, 
and 16^^ per cent, represents the heat carried oflf by the 
products of combustior, which, if economised, would eva- 
porate additionally 2 lbs. of water. 

These conclusions were subsequently corroborated by the 
results of a chemical analysis in 1853, of the products of 
combustion of coke in the engines of the Paris and Lyons 
Kailway, by MM. Ebelmen and Sauvage. They experi- 
mented with passenger and with goods engines ; and they 
found that the proportion of carbonic acid contained in the 
gases collected from the tubes at the smoke-box was greater 
than was found in the gases from ordinary boiler-furnaces, 
whilst the proportion of free oxygen due to surplus air 
in the gases, was less in the locomotive. ^In the passenger 
engines and mixed-traffic engines it was found that the 
proportion of carbonic acid varied from 12 to 18^^ per cent. 

♦ " Railway Machinery," page 122. 
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of the total volume of the gases, without any trace of 
carbonic oxide, proving that the carbon was entirely con- 
verted into carbonic acid. In the goods-engines with deep 
charges of coke, a greater proportion of carbonic oxide was 
produced. When the fire was 40 inches deep, there was 
7^ per cent, of oxide, by volume, representing an equal 
volume of carbonic acid displaced. The total volume of 
carbonic acid in the gases of completely burned coke, 
averages 20^ per cent, of the total volume, and it appears 
that in this instance, a third of the carbon was discharged 
as carbonic oxide. But a depth of 40 inches is excessive, 
as a matter of ordinary practice ; and to exemplify the 
influence of draught upon the state of the combustion, it 
may be added that, when steam was shut ofif, the production 
of carbonic oxide rose as high as 12 per cent, of the entire 
volume. 
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Lignite, or as it ia occasionally called, brown ooal, though 
it is often found of a black colour, belongs to a more recent 
fonaation,-^the tertiary,— than coal. It is, in fact, an 
imperfect coal. Brown lignite is sometimes of a woody 
texture, sometimes earthy. Black lignite ia either of & 
woody texture, or it is homogeneous, with a resinous frac- 
ture. Some lignites, more fully developed, are of a schistose 
,oter, with pyrites in their composition, Ihe coke pro. 
Inoed Irom various lignites ia either pulverulent, like that of 
anthracite, or it retains the forma of its original fibres. 
Lignite is less dense than coal. 

Asphalte, like lignite, has a large proportion of hydi'ogen, 
bnt it has less of oxygon and nitrogen : and, Laving 8^ per 
cent, of free hydrogen, it yields a firmer coke. The average 
eomposition of perfect lignite and of asphalte, may be taken 
in round numbers, as follows : — 



I 



Carlion .... 


69 per oer 


Aiphalte 
t. 79 per cen 


Oxygen and nitrogen 
Ash ... . 


20 „ 


3 ,. 



The lignites are diBttngni^bed from coal by the large pro* 
pordoa of oxygen in their composition, — from 13 to 29 per I 
cent., — which goes far to nentralise the hydrogen, 
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Carbon . 
Hydrugen 
Oxygen 



w 

^^V The woods of resioous trees are nearly identical in chemuil 

r 

^ Bhowing that there is only BC per cent, of combustible 

matter, that there is a large quantity of oxygen, nearly 

BUfHcienl to neutralise the whale of the hydrogen, and tliat 

_. tliere is only 2 per cent, of ash. The compoEitlon of on 

^■^rewood, including hygromotric water, is as follows :~ 

■ English Oftk weighs S8 lbs. per cubic foot, and yellow pi 

41 lb. per cubic foot, A cord of pine wood, — that ii 
wood cut np and piled, — in the United States, measnres 
4 feet by 4 feet, by 8 feet, and baa a volnme of 128 cubic fea^^ 
Its weight, in ordinary condition, averages 2,700 lbs, eq^H 
volent to 21 Iba. per cubic foot. ^M 

It has been ascertained in America, that 1 ton of Gumbef^ 
land coal, beat quality, ia equal to 2'12 corda, or 2'55 tona 
of pine wood. From this it would follow that 1 lb. of co(d 
is equivalent to 2'55 lbs. of pine; or, that pine has in 
practice only two-fifths of the evaporative power of coal, 
equal to about 2^ lbs, of water evaporated per pound of 
pine. According to the reanlta of other experimanla i 



Hygrometrio water 


2fi per cant. 


Carbon .... 


. S7fi „ 


Hyilroffsn .... 


4-6 „ 


Oiygcn .... 


. . 30-75 „ 


NitioBen .... 


. . 07fi „ 


Mh 


1'5 „ 
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locomotives, 1 lb. of coal is eqaivalent to 8 lbs. of pine wood. 
This indicates an evaporative power of only 2 lbs. of water 
per ponnd of fuel. Mr. Haswell states that from 2^ lbs. to 
2| lbs. of pine are equal to 1 lb. of the best coal ; and, 
allowing 6 lbs. of water to be evaporated per pound of coal, 
— ^in 1850, at the time of the observation, — ^the water eva- 
porated per pound of pine was 2i lbs. Professor W. R, 
Johnson found, in 1844, that 1 lb. of dry pine would, by 
careful management, evaporate 4*69 lbs. of water. 

The results of recent experiments made in 1869 — 1874, 
with unseasoned pine wood and with kiln-dried wood, will 
be afterwards noticed, as given by Mr. William Anderson, in 
the Chapter on Peat, They show that in a stationary double 
flue-boiler, wood which had been cut one year, and was 
then damp, evaporated 8J lbs. of water from and at 212° 
Fahr., per pound of wood; and that the desiccated wood 
evaporated 6 lbs. 
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Prat is tbo organic matter, or vegetable soil of bogs, swamps, 
wid mftTBljofl, — decayed mosses or sphagnuma, Bedgea, coane 
gross, &a. — in beds varying from 1 or 2 feet to 20, 30, or 40 
feet deep. The peat near the BUiface, less advanced in de- 
composition, is light, spongy, and fibrous, of a yellow or light 
reddieb-brown colour ; lower down, it is more compact, of ■ 
ilark-brown colour; nndinthe lowest strata, it is of a blackish 
broivn, or almost a black colour, having a pitchy or unctuous 
feel, the fibrous texture nearly or altogether obliterated. 
Pent, in its natural condition, generally contains 
75 to 80 per cent, of its entire ■weight, of water. Tba cons 
tneiit water occasionally amounts to 85 per cent, or even 
00 per cent. ; in this case, the peat is of the consistency 
mire. It shrinks very much in drj-ing; and its spei 
gravity, when dry, varies from '22 or -34 to 1-OC; tiie 
peat being the lightest, and the lowest peat the densest, 
peat be masticated, macerated, or milled, whilst it is wet, 
that the fibre is broken, crushed or cnt, the contraction 
drying is much Increased by the treatment ; and the peat 
becomes denser, and is better consolidated than when it is 
dried as cut from the bog. Peat so prepared is known 
condensed peat ; and the degree of condensation varies 
cording to the natural heaviness of the peat. Peat from 
lowest beds, so treated, is condensed only to a small estei 
hut peat Irom the middle and the upper beds, becomes 
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1, when dry, to from two to three times ita nataral 
Sity. So effectively is peat consolidated and condensed 
I the simple process of destroying the fibres wliilat wet, 
tliat no merely mccliauical force of compression is eqaal in 
efficiency to mastication. Mr. A. McDonnell gives the com- 
position of average " good au'-dried " peat and " poor air- 
dried " peat, analysed by Dr. Beynolds, as in the annexed 
table. An analysis by Dr. Cameron of dense peat jrom 
Galway is added, 

CoMPOalrWN OF Iniaii PHiTfl. 



I 





1 


1 


1 


1 


i 


1 


i 


i 






H 




& 


° 


55 










psrcent 


per pent 


per cent 


percent 


OCT cent 


percent 


oercent 


pmCBOt 


Gflodair-dnad 


243 




















12-1 


31 


21'0 




i-i 






DenttDT from ) 


29'3 


420 


61 


IT'S 1 17 


■6 


3-8 


31-3 


J 


A„„g... 


27-8 


43-1 


1-3 


21-4 


■2 


'■' 


- 



Ordinary aii-dried peat contains from 20 to 30 per cent, of 
its gross weight, of moisture. If dried ia air in the most 
effective manner, it contains at least 15 per cent, of moisture • 
and even when dried in a stove, it seldom holds less than 
7 or 8 per cent. 

The weight of a solid cnbic foot of air-dried peat varies 
from 16 lbs, to fi6 lbs. according to tho original formatloa of 
the peat. Condensed peat weighs from GO lbs. to 80 lbs. per 
cabic foot solid. In heaps, the weight per cubic foot of air- 
dried peat is, of course, much less ; it varies from G lbs. to 
22^ ibs. per cubic foot. From this, it follows that a ton of 
the lightest air-dried peat may occupy a space of 870 cubic 
feet ; a ton of the densest air-dried peat occnpiea 100 cubic 
feet of space ; whilst a ton of condensed peat only oecupiea 
a space of from 40 to 50 cubic feet. 
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Britisli peat iiiid foreign peat are very mnoh lite Iriah 
H'nt in composition ; the principal Tariation takes place b 
lie proportion of ash. 

The average evaporativo performance of dry peat in Eteam- 
loilera is ono half of that of good coal, weight for -weight. 
Jut the proportion varies either way fi'om the average. Mr. 
WiUiam Anderson, in an instractive Note,* gives an account 
of comparativo experiments conducted by M, Keerayef, at the 
Abouchoff Steel Works, near St. Petersburg, on the eva- 
porative performances of coal, wood, and peat, in double-flne 
multi-tubular cylindrical boilers. The peat was of a compact 
quality, was moulded by hand into 4-inch balls, and air- 
dried till the moisture did not exceed 14 per cent. The wood 
consisted of a mixture of red pine and white pine in billets, 
rhesa results, together with those of some experiments made 
l>y Mr. Anderson in a boiler of the same class, at Erith Iron 
Works, are given below. The firo-grato area amounted to 
30 square feet, and the heating surface to G96 square feet :— 

EBBlTLTa OF CowrABATIl-E ExPEKlMEXTH Olf TOE EviloniTrTH 

PowBBa OF Coil, Wood, anb Peat. 
(Mr. Ai:dtyKn-> ErpiHmeuli.} 




LocaUtr una DesotipBon of. Juel. 


™m1d°Tr 


pomled per 


Wttiet Bra- 
lb. oi '(4^ 


Erith Iron Worfca, 1B09-7O :— 

Good Newcastle ooul . . . 

Good Welsh coal 

Abouchoff Steel WorkB, 1870-74 

SupBriorcool 

Inferior coal 

Wood cut L your ; still damp , 

Wood dried artificinlly . . . 

l>eat 


lb*. 

335 
351 

450 
fil& 

038 


ooUofnt. 

48 
SO 

49-6 

61 

3B'6 


Ibe. 

078 
10-OS 

7'57 

6-76 1 
3-25 J 
5-0 J 
4-26 . ■ 
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■ "Notes of a vMt paid to some Peat Works in the ncighbourkJ 
of Bt. PetCTsharg, in May, 1876," in the iVmwrfijJ^s of tic IriHiluH^M 
If Cifil £»ffiatir,, VOL 41, 1871-7B, liage 202. S 
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Here is to be noted the superior efficiency of desiccated 
wood compared with damp wood, already noticed. The 
peat, containing 14 per cent, of moisture was more efficient 
for evaporation than the undried wood ; and its performance, 
4*26 lbs. of water per pound of peat, is precisely one half of 
the average performance, 8*55 lbs. per pound of fuel, of the 
four coals in the table: — a ratio which is corroborative of 
the commonly accepted value of peat compared with that 
of coal. 




TiLR, or ouk-bark, after having been used in the procesa 
tunning, ia bttmod as fuel. The spent tan consists of the 
ribroQB portion of the baric. According to M. Peclet, five 
parts of oak-bark produce fonr parts of dry tan, and tha 
heating power of perfectly dry tan, containing IS per cent, 
of ftfib, is 0,100 English units, whilst tbat of tan in an 
ordinary state of drj-ncss, containing 80 per cent, of water, 
is only 4,284 English units. The weight of water evapo- 
rated from and at 212° Fahr. by one pound of tan, equivalent 
to these heating powers, is — 



For perfectly dry tan 

For Ian containina; 30 per cent, of moisture 



Those results are in accord with the results of esperimentK 
made by Pro-'essor K. H. Thnrston on the evaporative powe( 
of spent tan, £rcsb fi-om the leaches, containing from 55 to 
50 per cent, of moisture as compared with air-dried tan, 
weighing Hi ibs, per cubic foot. By the combustion of tha 
wet tan, from 3j lbs. to 4^ lbs. of water was evaporated pBT' 
pound of the tan ; or, allowing for the excess of moisture in 
the tan, from 4'41 lbs. to 5G3 lbs, of water per pound of 
air- dried tan. 
Mr. John Head* states the results of many esperimenti 

• 8eo " A Few Notes on tiie Portable Stoain Engine," by Mr. Jolia 
Uead, 18771 !>"(;« *^. 
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with straw and cotton-staUcs as fuel in portable-engine 
boilers ; from which it appears that from 2^ lbs. to 2^ lbs. 
of water is evaporated per pound of straw containing 16 per 
cent, of moisture, and from 2f lbs. to 8 lbs. of water per 
pound of cotton-stalks or brushwood. 
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CHAPTER XI. 
LIQUID FUEL-PETROLEUM. 

Petroleum, though as a liquid fuel last in order, is certainly 
not the least powerful fuel. It stands, on the contrary, first 
in heating power. The average composition is as follows : — 

Carbon 85 per cent. 

Hydrogen 13 „ 

Oxygon _2_ „ 

100 




INJEOTOR 



Fig. 118.— Liquid Fuel for Bteam Boiler. 

In a valuable paper on liquid fuels,* Mr. Harrison Aydon 
gives the results of many experiments made with petroleum 

♦ On "Liquid Fuels" in the Proceedings o£ the Institution of 
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as a fuel. Burnt under steam boilers, on the system of 
Messrs. Wise, Field, and Aydon, — a mixture of petroleum, 
air, and superheated steam, — the fuel has been proved to be 
capable of evaporating, under ordinary circumstances, 20 lbs. 
of water from and at 212° Fahr., per pound of fuel. In 
one instance, it appeared that 25*2 lbs. of water was evapo- 
rated at 35 lbs. pressure, per pound of oil at 50° Fahr. : equiva- 
lent, when reduced for 212° Fahr., to 28*9 lbs. of water per 
pound of fuel. The arrangement of the furnace with which 
this performance was accomplished is shown in Fig. 118. 
The liquid fuel is injected over the door into the furnace, 
with steam, either plain or superheated, so as to convert the 
oil into vapour, and at the same time to mix with it just a 
sufficient proportion of air to insure complete combustion. 
The boiler was of the Cornish type, 80 feet long by 7 feet in 
diameter ; the flue, 8 feet in diameter, was made up with 
firebrick to form the furnace, as shown. 



CHAPTER XII. 

TOTAL HEAT OF COMBUSTION OF FUELS, 

The annexed table * ebowa, in a email compaBS, the total 
beat of combustion of one pound of corabnstibles, and their 
PUnivalent evaporative powers, with the weight of ox3'gen 
nnd the quantity of nir chemically consumed. 
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Gas-fuenace9 have been employed on the Continent, parti- 1 
cularly in Styria, for upwarda of 35 years. It was early I 
apprebendod that, whilst the principles of the combaatiou of 
fuel in an ordinary grate were explicit enough, the work of 
combustion and of generation of heat was, for tlio most part, 
but roughly completed in reality, and that the defects of the 
open-grate system of combustion comprised not only a con- 
version of the elements in a greater or less degree imperfect, 
but aiao a maximum temperature freijuently much lower 
than that which was chemically attainable. The inferiority 
of the temperature which is made available in this manner, 
is, for many applies tiona of beat, of much more serions import 
than the actual loss of heat by quantity ; and it has long 
been recognised that the only eystcm of heating which 
carries with it a complete remedy for the shortcomings of 
the ordinary fire, and the imperfectiouB of various fuels, is 
the system of heating by gases generated from the fuel, by a 
process resembling distillation, which, being collected and 
conducted to the region where the heat of combustion is to 
be utilised, are mixed with air, ignited, inflamed, and con- 
sumed on the spot. These gaseous substances arriving 
without the accompaniment of ash or cinder, at the place 
for action, do not alter or affect the surfaces of the bodies 
destined to receive the heat ; and tbe heat is discharged, by 
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radiation aa well as by condnction, jnat where it is required, 
It ftppears ttat the idea of trans forming solid combustibleB inle 
RascoUB combQBtibles, as well as of making the first praelical 
application of the idea, is duo to M. Ebelmon, who, iu 
January, 1842, read a paper at the Academy of Sciences, in 
which he explained the results of experiments which he hud 
made at the forges at AndiDcourt during the preceding year. 
Ho drew attention to the availability of the debris of char- 
coal, and of other combustibles of little value, by subjecting 
them to the action of a blast of hot air, by which they were 
converted into carbonic oxide, and of employing this gas 
us ft combustible for the operations of iron mannfEiotnro, 
Ho clearly indicated the elementary principles of the process 
for the manufacture of gas-fuel: — the use of air, either forced 
or cot forced ; either hot or cold, for producing the gases or 
for burning them ; the use of steam ; the division of 
air and of the gas into thin sheets, for the purpose of 
ducing a perfect mixture, and the recovery of the h< 
previously absorbed by the air. 

Mr. William Gorman,-'' in 1859, highly appreciating the 
snperiority of the system of combustion by preliminary eon- 
version of the fuel into gns, foresaw the advantage of tie 
system in the facilities afforded by it for placing the com- 
bustion where it would he most effective. " This power," 
he says, " of transferring the greater part of the combuetion 
of the coal from the grate to the body of the furnace, to- 
gether with complete combustion of the coal gas, promises 
to be of great use in the manufacture and working of' 
iron." ; 

But it was twenty years after Ebelmen bad first drain 
attention to the advantages of converting solid combustihUJ 
into gas-fuels — when Dr. C. William Siemens had i 
pliehed the remarkable practical results of his system ( 

• "On tho ComTjuation of OofJ," in the TrammioHi of tht Jidj 
tulioit ef E^igi:iiiri in 8ei,Uand,-<io\.u., IB68-6S; page 79. 
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regenerativo furnace — that tho gas-furnace came into general 
practical use in the manufacturing industries. " Gtixoyeiies," 
or gas -generators, or gas -pro due era, are now generally em- 
ployed, especially on the Continent, in metallurgic operations, 
in the manufacture of glass, and many other industries, 
the greater nuiubor of industries, gaB-famacea exclusively ' 
are employed. 

There are two modes in which gaseous fuel may b 
rated. The first consists in a distillation of the combustibles 1 
— that is to say, heating them in retorts or close 
without the inten^ention of tiir. This treatment is only 
applicable to such fuels as contain hydro -carbonaceous oom- 
ponnds susceptible of being volatilised by heat— such as 
yield gases better adapted for lighting than for heating ; 
and it may be passed over without further comment. 
The second method differs radically from the first, since 
every portion of combuslible, whether volatilisablo or not, is , 
converted into gaseous matter, with the exception of the 
ash. The portion of the fuel next to the grate, deprived of | 
its volatile elements, and in immediate contact with air, is 
converted into cai'bonic acid. Passing upwards through the 
fuel, this gas, taking up nn additional equivalent of carbon, 
is converted into carbonic oxide ; whilst from the upper 
portions of the fuel, the volatile hydi'o- carbons and other 
gases are driven oil' by diatillation. The resiilt is a gaseous J 
mixture, consisting mainly of carbonic oxide, hydro-carbon, 
and nitrogen, which, by a due administration of air at thai 
required point, is consumed, and results in the usual pro- 4 
ducts of combustion— carbonic acid, steam, and nitrogen, — ■ J 
which are passed off into the chimney. 

Dr. Siemens concisely describes the functions of thai 
gazogene: — "In the lower portion the fuel is burned, and! 
^a may be called the zone of combustion ; higher up, the J 
earhonic acid takes up a further equivalent of carbon, be- 
oomiiig carbonic oxide, and this may be called the zone of I 



1 

I 



torn- I 



280 FCEI-S ; TIIEIR COMlJfSTION ASD ECONOMY. 

cFirbonizatioD ; whilst, at tlie appormoet layer of the pro- 
ducer, hydro- carbons arc prodnced m what may bo called 
the zoae of distillation." 

The functions of gas-furnaces are, then, to pistil and rok- 
tiliae the fuel into carbonic oxide and hydro-carbon gaaes, in 
the gazogene ; to conduct the gaseous mixture into a com- 
bustion-chamber, — the spot where it is reiinirod to develop 
the heat ; and tbon to mingle with it the proper proporti( 
of atmospheric air reijuirod for effecting its complete com- 
bustion. The combustible and the air are in tho bi 
physical condition — gaseous ; so that they may 
mately mixed in suitable proportions, and with bnt 
{ixcesB of air. Herein is an important source of economy of 
fuel in tho gas-furnaoo ; with the regularity and constancy 
of the supply of combustible, there ia great facility for 
measuring with exactitude the necessary quantity of air, and 
for regulating its admission with precision. An ordinary 
grate, immediately after having been tii'ed with Q-esh fuel, 
should — notwithstanding Mr. C, W. Williams — be supphed 
with twice as much nir as it noeded before having been stoked. 
"When the needful supply is wanting, the hydro -carbons 
which are immediately generated are carried off unburned, 
taking with them the heat expended in volatilising them. 
But since, in tho producer of the gas-furnace, the layer of 
fuel is of constant thickness, the rate at which the gas is 
generated and delivered is regulated by the damper once for 
all; and exactly the same conditions are uniformly present for 
tho supply of air to be mingled with the gases. Much labour 
is saved, as the fuel need only be supplied at intervals of 
from eight to twelve hours ; and inexperienced labourers 
can without difficulty be trained to become good firemen. 
Very considerable indeed is the money-saving, apart from 
the economy of fuel, to be effected by the employment of 
gas-furnaces, simply by the facihty with which small 
and fuel of inferior quality may be utilised. 
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Gazogenes are employed under various forms, suited to 
the nature of the fuels and of the duty to be performed. 
The normal form is typified by the generator employed 
by Dr. Siemens, described further on. There is a grate at 
the lower part, nearly horizontal, upon which a bed of fuel 
lies, of considerable thickness ; the thickness may vary from 
2 feet to 4 feet in depth, according to the kind of fuel used. 
The upper part of the gazogene is generally at the level of 
the ground, made with one or several boxes or simple 
openings through which the fuel is charged. There are also 
holes through which the fuel may be picked or loosened, 
when necessary, and arches that are formed by bituminous 
fuels broken down. These holes are also useful to enable the 
stoker to inform himself of the state of the fire, and to judge 
of the proper time for introducing more fuel. The depth of 
ordinary gazogenes varies from 8 feet to 10 feet. A fire- 
proof damper is adapted to the producer to regulate the 
supply of gas, and to close at any moment the communica- 
tion with the furnace. 



CHAPTER XIV. 



Tlio employment of gns-furcacea at the gas works at I 
treuil has boeu succSBBfully iatrodncud there to the desigd 
of MM. Muller and Eichelbrfuner, the results of many ex- 
porimenta made with the aasietance of M. Ficbot. The coa- 
Bumptiona of these furnaces may be compared with those of 
the ordinary grftte-furnaoos, in terms of the quantity of coka 
consumed as fuel for the distillatioit of a ton of coal in \ha 
retorts, and asauming that the cool loses SO per cent, of its 
weight, leaving consequently 70 per ceut, of coke. In the 
old fumacea, with ordinary grates, containing eight retorts 
grouped in batteries of sixteen furnaces, or more, worlung 
altogether, the quantity of coke consumed amounted to 
24^ per cent, of the weight of the coal distilled. In single fur- 
naces, holding five, six, or seven retorts, the quantity of coke 
consumed amounted to from 30 to 35 per cent, of the weight 
of the coal distilled ; and, in many instances, when the 
furnaces were ont of order, to 50 per cent, of the weight of 
co!i! distilled. In the gas-fiii'naces applied by MM. Muller 
and Eichelbrenner, heating five, eix, and seven retorts, i^J 
single groups, or in pairs of groups side by side, the qnantil 
of coke consumed as fuel amounted to I7i per cent, of t 
weight of cool distilled. 

• See " Etudes aur la CombuBtdon," by M. Fichet, 
, de la Boci6td dca IngenicurB CivilE," 1S74, page 570, 
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Thna, whilat in the ordinary fnraaceH, from 35 to 60 per 
cent, of the quantity of coke manufactured was consumed ; in 
the gas-furnaces, the consumption did not exceed 26 per cent. 
The reason of the difference is, in some degree, to be traced 
to the difference of the management of the furnaces. The 
ordinary furnaces were filled up with colio as far as possible, 
for the sake of making long intervals between the firings. 
Incomplete combustion rcBulted from the accumulation of 
fuel, and carbonic oxide in large quantity was carried off by 
the chimney. The fii-es, on the contrary, were occasionally 
neglected, and got low ; admitted a largo surplus of air, and 
so lowered the temperature. In either case, the distiUation 
■within the retorts was inferior. It became better, when tha 
fire was regularly maintained, though demanding, for thiB 
purpose, additional care. 

With the gas-furnace, such inconveniences are avoided. 
The thickness of the bod of fuel traversed by the au' being 
constant, it suffices, once for all, to regulate the valves of tlie 
furnace to insure the regularity of the production of gas and 
of the supply of air, so as to avoid an excessive supply of 
air, and to maintain a uniform supply of heat. Aa the 
delivery -orifice a for the gas are distributed throughout tha 
length of the fumaco, and are adjustable at will, a regular 
and uniform temperature Is produced in all parts of the 
furnace ; to attain which ia a difficulty with ordinary fur- 
naces, in which the beat ia unavoidably more powerful at 
one part than at another. The furnace-doors need never ba 
opened, and no currents of cold air can be admitted ; nor JB 
there any cliance of local accumulations of ash. As the fuel 
is charged only once in eight or twelve hours, the economy of 
labour is considerable, whilst the labour is simple. By refer- 
ence to the illustrations. Figs. 119 to 121, it maybe seen how 
these resnlta have been obtained. Fig, 119 is a cross section, 
and Fig. 120 is a vertical longitudinal section of the furnace, 
taken through one of the retorts. Fig. 121 is a vertical section 
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of the gaB-prodacer, the position of which ie shown in Fig. 1 

bohiud the two furnaces whioh are Buppliod by it, and b 

them. The producer, Fig. 121, consists of a 

as the furnace, having dimensions proportioned to tl 

of gas reijuired in iwenly-foor hoars. A step-grate, B, p!ac 




at the luwor pirt jiLVonts the fuel fiom falling out i 

rvos also for the admission of a r The hopper is c 

pletely filled with coke This coko is la a statL of combustid 

throughout tho moss compusil I 1 tl iito and Q 



orifices / \y which tho gas is conducted into tl o furaacej 
and the thiLkness of tho bed of combustille so traversed is 
Buchtliat theoijgenof theair aftet having been tiansformed 
into corbomc uoid is conceited mto oarhome oxide whiohi 
escaping by the openiugs !i, iu delivorcd into thu conduit 
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placed in the axis of the furnace, at the lowor part. The 
flow of the gas into the condnit is regulated by a. damper. 
Through a number of openings in the upper part of the oanal 
S, the gas is discharged into the furnace, and so forma a lise 
of dame with the heated air, which is delivered from a pas- 
sage a, on each side of the canal, in directions inclined to 
and upon each stream of gas. The rising flame is baffled by 
ft horizontal slab erected above tlie openings from tlie canal 
S. The air for combustion is admitted into the passages a, 
controlled by dampers. It circulates in the tHckuesa of the 
mason work or in metal pipes heated in the flues, prior to its 
being dehvered into tbe furnace. 

The hopper ia built of brick, with a lining of firebricks. 
It is closed at the upper end by a cast-iron plate luted with 
clay ; or the plate is formed with a flaage which lies in a 
groove filled with powder. The work of the stoker is to 
fill the hopper twice or tiuee times in the twenty-four hoars, 
and to clear the grate once a day. The proportions of the 
air and the gas are precisely adjusted by means of dampers ; 
and with the damper at the chimney, the temperature of 
the furnace is adjusted. When these throe daropera are 
once regulated, they are not touched again so long as the 
fires are alight, which may continue for a year or more. In 
consequence of the regularity of action, the durability of 
the retorts is improved, and the wastbg of fuel is prevented. 
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CHAPTER XV. 

GAS-FmtNACES FOR STEAM-BOILERS. 

Many varieties of gas-fiirQace have been employed for 
beating steam-boilers ; ttnd many bave been forgotten. At 
UlO tubaoco factory of Groa-Cuilloa, Ibe application of gaa- 
.aces to Bteam -boilers Iub been the subject of maeli 
itical investigation. 

M. Fichet, when he applied gaa-fornaceB to ateam-bciilen, 
under arrangements similar to those which had given bo 
B&tiafactory rpanlts when employed for the manufacture of 
coal-gas, naturally espected similar success. But he 
disappuinted. By the rapid cooling of the flame in coni 
with the surface of the boilers, ho was led to the adi 
tion of producers very differently arranged, for the sej 
of steam- boilers. "When he used dry combustibles, 
admitted ft quantity of air very little in excess of the qat 
chemically consumed in combustion, the flame was er-' 
tinguished when it came into contact with the boiler, and 
the products of combustion proved, on being analysed, to 
consist of a mixture of free oxygen and carbonic oxide, with 
nitrogen and carbonic acid, 

Tho combustible gases supplied by rich coals, yielt 
smoke in additioi) ; whereas smoke had never been 
daoed in the preceding applications. M. Fichet, therefore, 
entered upon a series of experiments with the object of 
Btndying the mode of the formation of smoke, with dif- 
ferent arrangements of producers and furnaces, 
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the analyses of the producta of combustion mora or kB8 
complete, and the observations of tomperatare made with 
the calorimeter. The result of his experimental observa- 
tiona led him to the principle on which complete combus- 
tion was to be attained, without any excess of air mingled 
with the gaseous products of combustion. The enuncia- 
tion of the principle is but an echo of the first principle laid 
down by Mr. C. W. Williams. Still, it is gratifying to learn. 
that M. Ficliet should have distinctively arrived at the saatS' 
conclusion by an independent course of experiment. The 
principle consists in intimately mixing, within an enclosure 
ooneisting of substances refractory at a high temperature, 
the combustible gases and the air, each of them having 
been divided into thin threads ; in permitting the combus- 
tion to be completed within this enclosure or combustion- 
chamber, and in preventing tho contact of any bat completely 
converted gasea with the surfaces of tlie boiler. i 

The application of the gas-furnace conatracted on thesai 
principles, to an ordmary French boiler, at tho iron works 
of M, Mnlier, Ivry, is illustrated by Fig. 122. The 
heaters are 24 inches in diameter, and the boiler ia iSY 
inches. The heating surface amounts io 660 square feef, 
exclusive of that of the feed-water heating apparatus ; the 
producer, of a fonn different from that which has before 
been deacribed, ia placed in front of the boiler and bolow 
the level of the floor. The fuel is supplied through the 
box entrance at the top in quantities of 200 lbs. at a time, 
every hour; and the cover is closed with a sand-joint. The 
box ia so constructed that the charge of fuel may be de- 
livered without the chance of any reflux of gases through 
tho openings when the pressure in the producer happens to 
be greater than that of the atmosphere ; or, on tho contrary, 
of air being drawn in, when the internal pressure is less. 
It is, iu short, the charging-box ordinarily adapted to 
producers. The fuel falls, when tho valve is opened, into a 
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bopper where the tompsratiira ia not considerable] inl 
where, for want of air, combuBtion cannot take place. Thai 
tbu fuel is dried anil is gradually heated as it deaceuds, 
nntil it arrives in a hotter region. When it has passed into 
the vault, it comes into contact with the hot gasoa in tbs 
lower part of the producer : it begins slowly to distil at the 

»jiirfftce, at the same time falling gradually, nntil it arriveB 
irithin reach of the ait, when it is converted into coka, 




under the preasare of the saperincambent load. During 
descent and the progressive distillation, the small coal, 
which has been charged above, becomes agglomerated and 
yields a dense coke which does not go to pieces during 
combustion, and is nevertheless sufficiently porous to admit 
of the circulation of air. 

To obviate loss of heat by radiation through the grate, 
swing-door is hung at the entrance for air, formed doc 
^lod perforated with aii-hoIes through which air passes, 
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by its circulation preventB the dooia ijrom beoom 
heated. 

Aa the fuel deacenda below the crown of the vault, it 
apreads outwards and downwards according to the anglQ of 
repoae, tlie sides of the hopper being suitably inclined to 
facilitate the natural action of the fuel. The gases, as they 
are produced, ascend and are directed through an inclined . 
opening into the chamber y under the boiler, the roof o 
which ia constructed with flat pieooa in fireclay, formed with ' 
grooves or interspaces, by which the gasea ascend into the 
combustion- chamber i. The flow of the gases from the 
producer ia regulated by the damper i". When the produc- 
tion of ateam is to be suspended for some time, tbta damper 
is completely closed ; so also is the damper for air. The 
gazogene may thus continue aUght for several days ; audit 
may be restored to its uanal atate of activity in a few hours, 
when the dampers are reopened. The air for combustion ia 
supphed by a pipe a, which passes through the exit-flue F to 
the chimney, and is heated in its course. It ia delivered 
into a chamber a below the gas-chamber g, at each aide of 
which it rises, when it passes to the combustion-chamber. 
The air receives additional heat in skirting the gas-chamber, 
and thus acquires a degree of ascensional force by which it is 
delivered with velocity through the orifices where ignition 
takes place. It may, therefore, be divided into thin atreams, 
or jeta, which meet the streams of gas arriving in another 1 
direction. Resulting eddiea take place, which facihtate the f 
mixture of the elements, by which complete combustion is J 
accomplished. The fuel is charged Into the hopper every! 
hour. The stoker finds with satisfaction that tho lesa ths^^ 
fire is touched, the better it goea. 

The boiler which was fitted with the gas-furnace juat I 
described, lay alongside another boiler of equal dimensions, f 
heated with an ordinary grate -furnace. The comparative 1 
irformancea of the two boilers were testoJ, using the s 
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quality of eoal and the same qndity of water. The c 
VBS the bittmiutoaB coal of the Dorth of France ; the rcgn 
OTaporative porfonuaDce of the boiler with the ordinary gi 
Rmounted very unifarmly to about 6 lbs. of water per p 
fsi coal — elightiy less than that. The gas-furnace boiler v 
found, by long and careful trial, to evaporate from 8-60 lU 
to 0'20 Iba. per pound of coal — say, an average of 8'90 IM 
Xhis result shows an aogtoeutation amounting to 48 [ 
Otnt. of evaporative efficiency ; otherwise, an oeonomy Ol 
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32 per cent, for ei^ua! quantities of water. The coal was con- 
Bumed in the gaa-furnaee at the rate of 84 lbs, por hour ; the 
boatbg surface of the boiler amounted to 550 square feet. 
The temperature of the products of combustion in the floes, 
after having passed the feedwater-hoaters, varied from 400^ 
to 600' Fahr. 

In applying the gas-fumaoe to internally fired boilers, it 
was foreseen by M. Fichet, after his experience with the 



ordinary French boiler, that special precautions muBt be 
tsrken to provide against the premature cooling of the gases, 
and the extinction of the flame. The arrangement which 
be employed is shoAvn in Fig. 123. The gazogene is 
placed, aa for the previous boiler, in front and under the 
level of the ground. The gas is delivered into a passage g, 
provided with a damper, whence it passes into the firebrick 
combustion- chamber C, which is couBtrncted within the flue- 
tabe at one end. The outer end of the combustion- chamber 
is provided with an inclined door, lined with firebricit, and 
pierced with a number of holes, into which numerous iron 
tabes are fixed, open at both ends, through which the air 
for combustion is admitted into the chamber C. The tubes 
act as nozzles, through which jets of air are blown into the 
body of combnstibie gas, settmg np very active combustion. 
The temperature for combustion is maintained by the fire- 
brick lining, so that the combustion is completed beforo the 
flame can touch the surface of the metal. It is sometimes 
found of advantage to raise a perforated tirebrick wall or 
diaphragm at the inner end of the firebrick chamber, sub- 
stituting, at the samo time, two long vertical sheets of i 
through the door, for the maltitubular jets. The products 
of combustion, alter circulating round the boiler, pass off by 
the fines/ and F, to the chimney. 

M. riehet states, as the result of numerous observations, 
that in the gases supplied by the gazogene, there are fre- 
(juently not any traces of carbonic acid, sometimes 
cent,, rarely 1 per cent. In the gaseous products of com- 
bustion, there is not a trace of free carbonic oxide, and often 
there is not a trace of free oxygen. But for the strongly 
bituminous coals, it is necessary to admit aa t 
oxygen, of from 1 to li per cent., to ensure the complete 
absence of smoke. This proportion of free oxygen repre- 
ge&ts an excess of air amoonfing to from 4 to 6i per cent. 
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P CHAPTER XVI. 

DEC01IP0h:lTI(.)N OF FUEL IN GAZOGENES. 

Coalt. — It has boeu stated that the air arriving in contact 
with the incivudescent fuel next the grate, produces at fint 
carbonic acid, represented eymbolically as C 0' ; and that in 
passing through the bed of fuel, more or less coked, tlie 
greater part of it is converted into carbonic oside, C 0, The 
thickness of the bed of coal should be suiEcient for effecting 
this transformation, at least nearly completely ; it should be 
greater whore the passage through is the easier, since the 
surfaces of contact are leas. But however favoarable the 
conditions may be, the gas always contains a fraction of car- 
bonic acid ; for t!ie conversion from the acid into carbonic 
oiide is never completely effected. In the laboratory, it is 
true, tho transformation of the whole of the cai'bonic acid 
may be effected ; but that is only accomplished after a vflry 
prokmged action of the gaseous element upon the carbon, 
which acts only at tho surface. 

The combtutible gasee conkin not only carbonic acid and 
carbonic oxide, but also hydrogen and hydro- carbons, for, in 
the decomposition of coals by the application of heat, the 
gases are always disengaged. Nitrogen, of course, is 
from the air, and also from the coals ; and oxygen al 
the thickness of the bed of fuel is insufficient, indicating 
passage of free air. 

Coke, Charcoul, Peal. — M. Felix Leblanc gives the foUowi 
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analysis of the combustible gases produced from coke, in 
the Siemens. process. 



Siemens Generator. Coke. 



Carbonic oxide 
Carbonic acid 
Nitrogen 
Oxygen 



26*0 per cent. 

4-5 
67-5 

0-6 



»> 



» 



>» 



Hydrogen ...... not observed. 

M. Ebelmen's analyses of charcoal gases, taken from char- 
coal gazogenes, are as follows : The first is an average analy- 
sis of samples taken from a close generator, supplied with a 
blast of dry air. The second is an average analysis taken 
from the same furnace supplied with air and water-vapour. 

Ebelmen's Gazogene. Charcoal. 





Dry air. 


Air and Bteam. 


Carbonic oxide . . . 
Carbonic acid . . . 

Nitrogen 

Oxygen 

Hydrogen .... 


33-3 

0-6 

63-4 

2-8 


27-2 

6-6 

63-3 

14-0 


By volume . . . 


100-0 


100-0 



It is to be remarked that the first of these analyses, with 
dry air, closely approximates to the exact chemical propor- 
tions for the entire conversion of carbon into carbonic oxide, 
without any carbonic acid, which are : — 

34J per cent, of carbonic oxide 
65 J „ nitrogen 

Too 



For peat, the production in the gazogene is imperfect ; 
there is a large proportion of carbonic acid : — 
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Gazooinb. — ^Pbat. 





Ponaazd Gasogene. 


Ebelmen's Analysis. 


Carbonic oxide . . 
Carbonic acid . . . 
Nitrogen .... 
Hydrogen, &c. . . 


1 

21 
11 


2 

23 
9 


3 

22-63 
7-32 

64-13 
5-92 


4 

21-04 

10-79 

58-81 

9-36 



In No. 1 of these analyses, the peat held 50 per cent, of 
water. In No. 2 the peat held 28 per cent, of water. The 
peat employed for Nos. 1 and 2 was analysed after having 
been desiccated with the following result : — 



Volatilised matter 

Solid matter (including 8 per cent, of ash) 



58-5 
41-5 

100-0 



For Nos. 8 and 4, the peat was air-dried, and contained 
18 per cent, of water. 



CHAPTER XVn. 

lEON PTJRNACES.— OltDINAEY IRON FURNACES. 

Thb old puddling furnace, illustrated by Fig. IM, conslBta 1 
of a rectangular structure of iron plates, noarly 6 feet 1 
6 feet wide, and 12 feet in length, lined througlioat with 
firebrick. The fireplace or grate is at one end, about S feet . 
sc|uare, and is separated from the hearth of the fumaec by a . 
brick bridge. The hearth is sis or seven feet long, and 8i j 
feet wide at its widest part. It rests on a cast-iion botto 
plate, which is nearly on a 
level with the fire-grate, and la 
covered with oxide of iron, or 
"fettling." The hearth is arched 
over, GO that the heat may be 
reverberated or radiated from 
the arch upon the metal. The 

farthest end of the furnace is contracted to 18 inches in width, 
forming the flae leading to the chimney, which is from 85 to 
40 feet in height, and is fitted with a damper at the top. The 
furnace is arched over with brickwork, and, to prevent the side 
from being thrust out by the expansion of the heated bricks, 
the side plates are tied together with a number of iron bolts, 
to receive and resist the thrust of the arch. A working 
doorway is made in one side of tLe body of the furnace, the 
bottom of which stands at eight or ten inches above the 
level of the hearth. The door is moved vertically by a 
balanced lever. 




J 



F 

^ Or*. 



fuels: THEin comhistion and economy. 



Great intprDvemeat has been mflde in tho coDstructian and 
the efficiency i>f furnaces both for paddling aod for heating, 
nr re-heaticg, iron. In relation to the ocODomical produc- 
tion and application of heat, they may be ranked in Uiree 
dasBCH : the improved fumaceti, snbstantioJly of tho old type, 
oompTisIng a lire •grate, a hearth, and a chimney; the gus- 
fiimace, in which the fuel is converted into combustible 
gitBos prior to its bcinj; burned for the development of 
ill the fornaco ; and the gns-furnace, in which the heat re-' 
innining in the departing prodactB of combustion, is in 
gieoter or less degree utilised for superheating the combi 
tiblo gftses and heating the air, before they are brongfat inl 
coiobnstiuQ. 

The quantity of coal conBumed in ordinary single puddling 
furnacUB, in the north of England, averages about 24 cwt. 
per ton of puddled iron produced from the furnace ; pig 
iron being treated in charges of 4} cwt, or 5 cwt. at a 
time. In the old eingle furnaces at Hound Oak Iron Works, 
nnd nt other places in Staflbrdsliire, 30 cwt. of soreened 
slack is consumed per ton of puddled iron ; the weight of 
the charges of pig iron being 4^ cwt. The production 
iron amounts to about 2k tons in 24 hours. In doul 
furnaces, the quantity of fuel eonaunied is lees by 6 cwt. 
ton of iron produced, and it is well ascertained that 
greater the charge, the less fuel is required per ton of irofll 
produced. Tho average waste of Staffordshire pig 
the furnace amounts to 1^ per cent. At the Eoyal Gun 
Factory, Woolwich, the consumption of unscreened Gawber 
Kail coal, from Yorkshire, is in the ordinary puddling furnaces 
from 23J cwt. to 15 cwt. for charges of pig of from 6 cwt. 
to 15 ewt. Ilere, there is the usual reduction of fuel in 
proportion as the charges are increased. Of the grOE 
weight of the charge of pig iron at Woolwieh, 95 per 
is produced as puddled iron — showing a loss of 5 
cent. 
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In heating, or re-heating, furnaces, for raising wronght 
iron to a welding heat, lees fuel is consumed, as may be 
easily understood, than is necessary for paddling an equal 
weight of iron. Ordinary re-heating furnaces in South 
Wales, employed for heating rail-piles, consume B cwt. of 
coal per tou of iron. At Woolwich, in ordinary fnmaceB, 
■working day-shift only, 9^ cwt. of coal is consumed per ' 
ton of iron, and when worked day and night continuoualy, J 
8 cwt. of coal is consumed. 

To form an estimate of the quantity of heat generated, J 
and the proportion in which it is distributed : — The total .1 
heat of comhastion of 1 lb. of coal of average composition ia J 
14,133 English units ; the weight of the gaseous products ofil 
combustion is 11'94 lbs. ; and the specifia beat of these gases I 
taken together ia '246. Tho quantity of heat required tO'l 
raise tho temperature of the whole of these gases 1° Fahr, is 
111-94 X -246 ~) 2-935 units; and the temperature of 
combustion, supposing the Initial temperature to be62^FaIir., 
is (14188 -^ 2-935 = 4816) -f 62° = 4877° Fahr. But, in 
practice, this temperature is not reached, as an allowance is 
to be made for the inevitable surplus of free air which ac- 
companies the products of combustion, and it may bo taken 
at one-half of the qnantity of air that is chemically con- 
sumed for the complete combustion of the coal. The weight 
of the surplus air is, then, 5-35 lbs., to bo added to the 
weight of the burnt gases, 11-94 lbs., making altogether 
17-2y lbs. per pound of coal consumed. The mean specific 
heat of tiiia mixture is '243, and the quantity of heat i 
quired to raise its temperature 1° Fahr. is (17'29 x -248 =.) J 
4-207 units. Dividing the total heat of combustion of 1 11 
of coal by this product, the quotient (141S8 ■+- 4-207 =) I 
3359° Fahr. is tho temperature of combustion in the furnaoo,™ 
abovo 62" Fahr. ; or, in all, 3421" Fahr. Here : 
example of tho influence of the admixture of free i 
lowering the maximnm temperature attainable ; for, insteadj 
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■i9^ ruKif : iH£iE oovBcanoy ass wxtscamr. 

at tte rowbh) Buimiai, ASTT Fkhi:. the MttMl nu^mt 
■i^ not cxMcd M21' Filir. 

To detemiiie now, in 1^ fini jhiet, Iha qsuiliN' of hii 
■IimmImiiI bj Ibe awUl aata trefttatrat, in the /nn^tM :— 
In tta piddlmg brsMe, tba coU (jg-iraa ii niaii ■ 
iMBpantun to the laeltiiig-poiai, irtj^ b, m^. SjMf 
Fahr.. mad iiuhc4. The fMatftf of heat eifffci n bift 
thM* opentMoi, takM (a«rtbK. wu a>«TMm-J ^ I. 
Clement: * h vaa «qunlat to 601 Bf)rft"i« mita ps 
poaad of ptg-iroa. at th» laip uratiitc »***''— ^ m a Unt 
teauc. Th« bwt afeaoriMd in ti»ltiiig one ton at pig-nv 
tkccAra uwsBl* io SMO x 50J = 1.128,960 E^U 
nili; aui tlte quittitf o< eoal lAkh gitritea lliia uMirtj 
of faMt B eomfiete wombattioa, takiag tbe qaeati^ e< imt 
gMaaUd p«r poond «( mbI m 144S3 aaits, ia UioaftM 
(lUe8e0-i-lU33=)794UiL— nrSOOw. Thatkto^v 
tkc wt i|iuiLtity of Iieat abaoibej hj ooe too of the ndM 
tran is that wbieh is eqinTalcnl to the heat of eombnstioa at 
80 Ibe. of Mai. 

Bat thia is not all : after the inn baa haaa 
paddled, and nlrimately hcooMea wiosght in 
stitnaot beat of wbieb at high tenperataiea ia 
llHt of cast iron. Taking the teapetaton at asOtT 
aoBtetbii^ over the tMBpentsre of welding he 
pacific heat, -165, tbe beat eontamed in od 
puddled iron in the fmiaee ii SS6*S naita ; aod 
the (otAl qoantity of heat eontamed b (SUOOa. 
1,901,760 English nnitB, for the geaanthiB ot 
qoanlitr of coal reqtnred Is (1,201,760 -t- U18S 
Evidently, thia ia the nasiniDni efftimai 
tbe heat of the coal, actoaQy utilised, mic 
nderable qoantitj of heat generated by tbe 
caiboD driven off from the pig-iron ; which, 
AnutioB, ia not now taken into acemiiit, 

• Sce-'AlluiialofBalai.TaUeci.iDdlMa.'' ISTT, 
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lead to a reduction, to some extent, of the qoftntity of c 
reqmi'ed. 

Adoptiug, tien, the quantity, 85 lbs., of coal as the net 
quantity utilised per ton of puddled iron, — not making anj^ 
allowrmco for small loss of weight, in the converBion of the 
iron; and taking the total coal consumed as 18 cwt. or 
2016 lbs. per ton, in ordinary double fainaces, the effi- 
ciency of the furnace, measured in terms of the fuel thn» 

utilised, amounts to (—^16" = ) ^'^^ P" '^^°*'' °^"'' 
4i per cent. 

In the heating furnace, although the process consists simplj 
in heating wrought iron up to the welding point, it may be 
taken that the heat absorbed by the metal is the same Ets 
that absorbed in the puddling furnace, represented by the. 
combustion of 85 lbs. of coal of average composition. The 
total quantity of coal consumed is B cwt. or 89G lbs. per 
ton of metiil ; and the efficiency of tlie furnace amounts tO' 

85 X 100 n ,n , „, , 

— g-— — - = y-49 per cent. — say Qi per cent. 

The beat which is carried off by the burnt gases mual 
necessarily form a largo proportion of the total heat which U 
generated. As the melting-point of wrought iron is about 
2900° Fahr., it may be assumed tbat the temperature of tha 
passing gases, as they escape from the puddling fumaoe, 
at least as much as that. If the interior of the chimney be 
examined through an apertui'e, situated, say, half-way up, H 
may be seen that bright red heat, or even white heat, 
usnally maintained. From the datum, 2900° Fahr., the 
quantity of heat carried ofl' for each pound of coal consumed 
is ascortained by multiplying it by 4207, the number of 
units of heat in the escaping gases per 1° Fahr., and ia equal 
to (2900 X 4-207 =) 12,200 units per pound of coal. Thus 
(2016 lbs. X 12200 -r- 14133 =) 1740 lbs. is the quantity 
of coal of which the total heat of combustion is equal to the 
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quantity of heat escaping from the paddling furnace, and it 
amounts to (1740 x 100 -*- 2016 = ) 86 per cent, of the 
total coal consumed. 

In the heating furnace, it is certain that the temperature 
of the escaping gases is lower than that in the puddling 
furnace. According to observations to be afterwards noticed, 
it may be inferred that there is a difference of probably 
500° Fahr. ; from which it follows that the temperature 
may be taken at (2900*' — 500** =) 2400** Fahr. The num- 
ber of units of heat in the escaping gases is equal to (2400 
X 4-207 = ) 10097 units per pound of coal. The coal 
consumed per ton of iron heated being 8 cwt., or 896 lbs., 
in the heating furnace, the quantity of coal of which the 
total heat of combustion is equal to the quantity of heat 
escaping in the gases, is equal to (896 lbs. X 10097 -+• 
14183 =) 640 lbs., amounting to (640 x 100 ^ 896 =) 
71 per cent, of the total coal consumed. 



CHAPTER xnn. 



The large proportions of heat which pass off in the epeni ' 
gases of iron fnmaces, are partially uttliGed in heating boilers 
for the generation of steam. The employment of the gases as 
a means of raising steam ia sound in principle, sinco a higher 
temperature than 500° or 600° Fahr. ia not reiinired for in- 
ducing the maximum intensity of draught in a chimney. It 
has been estimated that, for the production of the steam con- 
samedia the manufacture of wrought iron by tho independent 
application of heat, with oconomieal stoking, 4 cwt. of coal 
would be reijuired per ton of finished iron produced. Con- 
sidering that at least 25 cwt. of coal ia consumed for 
puddling and re-heating per ton of finished iron, an appro- 
priation of the boat of i cwt,, or about one-sixth of the total 
coal consumed, does not appear to bo excessive. On the 
contrary, it ia probable that tho proportion of the total heat 
generated, utihsod in generating steam, is greater than what 
is represented by 4 cwt. of coal. Tho probability of such 
an assumption is supported by the results of very earefni 
observations made at large ironworks in the north of France, 
cited by M. Ponsard. One pound of the coal burned on the 
grates of re-heating furnaces yielded 2^ lbs. of steam from J 
the horizontal boilers heated by the waste gases. This wa« I 
the average of many observations. In another series of | 
(servations, 1 lb. of coal yielded 2' 



observations, 1 
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Again, it ia generally admitted, in a metallargical 
referred to by U. Ponsard, tbat 25 horse-power ia yield 
by welding furnaces consuming from 1,200 lbs. to 1, 
of coal in 2i boura ; ncd, assuming that 40 lbs. of eteaml 
consumed per horse-power per Ijour, there wonl* 
consumption of atoam eijual to (40 x 25 x 24 =) 
for 24 hours, which would be at the rate of (f Jt|-S =) 2 lb 
of Bteam per pound of coal conaumed. In another distri 
where vertical steam-boilora are employed, it is said 
8 1!)B. of steam (ire produced per pound of coal. 

Taking the first of the three data first given, 2J lbs. of 
Bteam yielded per pound of coal consumed in the furnaces, as 
a fair average, it may be compared with the average eva- 
porative performance of 1 lb. of coal burned under a steam- 
boilor, say, 7J lbs. of water. The comparison shows liat 
the cfTectivo economy by the utilisation of the waste beat in 

roisitig steam amoimts to ^ = 1 of the total fuel bumed in 
the iron furnaces. 

The distribution of the fuel representing the heat of com- 
bustioQ, according to the foregoing determinations, ia taba- 
lated as follows : — 





IVaailnK furnace. 


H«angfiumai. 1 


Ihstributioa. 

DirecUy utUiBad, absccbedj 

by the iron | 

Tot^ fuel utiliaod . . 

Loit by tho chimney . . . 

Loat by raJiiitioa ntid con- 1 

doction i 

Total fuel lost . . . . 
Total fuel conauTntd . . . . 


6 


75 

00 


33 


■75 
2 67 


perOBBt 
S3 


G 


7fi 


37i 


3-42 


42i 





S4 
71 


53 

n 


S'Oi 
1'54 


S3 


11 


25 


G2i 


4 '58 


100 


18 


00 


100 


S'OO 



UTILISING WASTE HEAT OF IRON FURNACES. 303 

« 

From this table it appears that, taken generally, ordinary 
double iron-famaces for puddling and heating with large 
charges, utilise, in heating the iron and generating steam, 
about 40 per cent, of the total heat of combustion of coal, 
and that 60 per cent, is wasted. Here is a wide margin for 
progress in efficiency ; and much has already been done in 
reducing the consumption of fuel. 




AiTEUFTB were made, as early as in 1860 or 1851, to econo- 
mise the wasto heat of furnacca by heating the air for com- 
buBtioD, iLud it 19 obviously the best and most direct method 
of retrieving the inevitably departing heat. By thua raiaing 
the temperature of the air supplied for combustion, the tem- 
perature of oombuBtioD is liiewise raised. It may be assumed 
that the boat of combustion is increased by the quantity of 
beat imparted to the entering air ; and that, approximately, 
the effective work of the beat of combuetion is increaeed in 
the same ratio. Mr. Prideaui, page 204, has shown reason 
for supposing that the effective work is augmented in a 
greater proportion than the simple augmentation of tempera- 
ture and heat. But it is wel! to assume an equal ratio only, 
for the loaaoB by conduction and radiation are hkely to 
augmented with the temperature. 

Suppose, for example, that the temperature of the 
coming air ia increased by 600° Fahr. To find Mie quantii 
of heat absorbed in raising the temperature, the speoifii 
heat of air at constant pressure ia •2377 : such that 1 lb. of 
air raised 1° Fahr. in temporatnro, absorbs -2877 unit of 
heat, or nearly a quarter of a unit. The quantity of beat 
absorbed by 1 lb. of air for 500° rise of temperature ia there- 
. fore (-2377 X 500 =) 119 units. The quantity of air 
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chemically consumed for ihe complete combtiBtioD of 1 lb. 

of coal of average composition, ia 10-7 Iba. ; and, when the 

anrplns air admitted to tho furnace amounts to one-half of 

the air that is chemically consumed, the total quantity used 

ia (10-7 X 14 =) 15-85 lbs., say 16 lbs., per pound of fuel. 

The quantity of heat absorbed by the air per pound of fuel, 

therefore, ia flqnal to (119 x 16 = ) 1,D04 units for a riso 

' of 500° Fahr. of temperatnre ; and this is tho additional 

I heat of combustion supplied. Now the heat of combuatioa 

actnaUy generated in the combustioQ of 1 lb. of coal is 

I 14,133 nnits ; bo here is a clear addition of 1,904 onita, or 

1/1,904 X 100 \ ,„ . . , , ,, ,, 

I I — - . .Qo — = I 13-4 per cent., or about one-Beventh, the 

signification of which ia that 1 cwt. out of 8 cwt, of coal 
may thus be saved. 

If, similarly, the teraperature of the incoming air be raised 
1,000" Pabr., the heat so retrieved would amount to 
(■2S77 X 1,000 =) 288 umta per poand of air, or (aSS" 
xl6 =) 8,808 units per pound of fuel, or 27 per cent, of 
the total heat of combustion, which would be equivalent to 
a saving of one out of every 5 cwt. of coal. 

Applying these proportions of saviag to the normal con- 
sumptions for puddling and heating fdrnaces, they could 
thus be reduced from 18 cwt. and 8 cwt. respectively, to 15J 
CTvt, and 7 owt., for a rise of 500° Fahr. of temperature of 
tho incoiuisg air by the absorption of waste heat ; and to 
14i cwt. and 6i owt. for a rise of temperature of the air, of 
1,000° Fahr. 

But there is a distinct and important means of economy 
in the snbstitutioQ of fuel in tho gasoous state for fuel in the 
solid state. The economy may proceed from two Bources : — 
by the facility for adjusting tho quantity of ah admittod to 
the chemical requirements, with a very small surplus ; and 
by the facility for effectmg the combustion in the locality 
where the heat ia required to bo absorbed, instead of tha 
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locality of & grate, which is mors or less distant from tho 
locality for the useful abBorption of tho heat. 

With regard to tho first source of economy — the mininiifi- 
ing of the quantity of surplus air necessary for efiectiog the 
complete combustion of the fuel, — coal, — there is reaGon for 
believing that, under proper rcgalation, the needful EurpIiiE 

IBUiy not oxoeod 10 pet cent, of tho quantity ohemioally oon- 
•nmed. The temperature of the products of combustion 
iBtnat be relatively higher, nnil it may be calculated in termo 
of the ?peoiGc heat of tho mixture. There are 11'04 lbs. of 
kirned gases from 1 lb. of coal, having tho speciiic heat '246. 
The Hurplus air is 10 per cent, of 10'7 lbs., the weight of air 
cliomically consumed, or 1'07 lbs., of which the specific hcnl 
is ■2877. From those data, the specific of the mixiure is thus 
obtained : — 



Weight. Sp. heat. Cnltn. 
n-Wllie. X -316 = 2'S3fl per 1' Fahi. 
1-07 „ X -2877 = '254 



IllbofaaoL 
Burnt gABc 
Air . , 
The quantity of heat to raise the temperature of the mixed 
gueona products, is 8-1S9 units, and the temperature of 
combustion amounts to (14,183 -+- 8-189 =) 4,482" Faht., 
above, say, 62°. Now, tho temperature of combustion of tic 
gaseous products, whicli contained 60 per cent, excess of 
air, waa found to be 8,859° Fahr., above, say, S2° Fahr, ; 
which is now exceeded by the higher temperature in the 
ratio of 3,869'= to 4,432% or 1 to 1-82 ; that ia to say, thfl 
gain of temperature ia 32 per cent., or one-third more. K 
the useful performance be in the same proportion, the same 
quantity of puddled iron would be produced by a redaced 

sonsumption of I ttoo ~ ) J'^^ °^ ^^ ''°^ ™^'^ ^^ "" ^^' 
SBB of air of 50 per cent., mailing a aaving of 26 per cent. 
t Applying this reduction to the normal consumptions for 
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puddling and for heating furnaces, 18 cwt. and 8 cwt., these 
wonld be rednoed to 13i cwt. and 6 cwt. respectively. There 
IB, in addition, an economy, already pointed out, arising from 
the preliminary heating of the air by the waste boat ; hut 
the economy irom this source will be leas than it was before 
oaloulated, since the quantity of air to be heated per pound 
of coal is now less. The quantity of air per pouad of coal, if 
there be only 10 per cent, jn excess, is {10-7 lbs. + 1'07 lbs. 
=)ll-77 lbs., or, say, 12 lbs., and as 119 units of heat are 
absorbed per pound of air in raising the temperature 600° 
Fahr., the total beat so applied amounts to (119 X 500=) 

1,428 nnitg per pound of coal, or to I ' i . -i qo = llOpei 
cent, of the total heat of combustion of 1 lb. of coal. This 
is equivalent to a saving of 1 cwt. out of 11 cwt. of coal, or 
9 per cent. 

But, if the air be raised 1000° Fahr. in temperature, the 
heat absorbed by the air would amount to 2866 unita, or 
20 per cent, of the total heat of combustion of 1 lb. of coal : 
equivalent to a saving of 1 cwt. out of every 6 owt. of coal, 
or 17 per cent. 

Combining the two economies thus estimated, by a process 
of compound reduction, the ultimate reduced consumpiionB 
are given : — 



Suiplus air rodaced to 10 per cent. . 73 76 

Entering Bir heated 600° F.Jl 1000° F^3 

Ultimate reduced fuel conaumuil . . 68 e2 

Showing that, by the combined influence of the reducing of 
the snrpias air, and the heating of it by the waste heat, in 
the given proportions, the consumption may be reduced to 
about two-thirds, more or less. Accordingly, the normal 
consumptions of coal, IS cwt. and 6 cwt., for puddling and for 
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b«atii]g farnacea respectively, may Uids be reduced to about 
18 cwt. and 5 owt. : eelimatee tbe reasonableneas of which 
has been-amply ilomonBtratcd i)j uxperienoe. 




-Ths BoetiUB HeaOna Funmco. 

Mr. J. F. Boetias patented, in August, 186S, a eyaiem of 
gaa-fornace for melting glass, heating ii'on, and other pur- 
poses for which a high temperatm-o is required. Tbo fumaoe, 
KJO-oPoof itaforms, is illustrated by Figs. 125, 126. Here the 
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ordmarj gas furnace viith sloprng hearth and giate it 

ployed The aide walls and the roof of the generate 

BuiTouniied by air passages through which the air used for 

combustion is passed Tho an 

enters by an opening m oach 

sidd of the ash pit and BEConds 

through snhdiMded passagoi 

meeting m the passage over 

the crown of the generator 

■wheneo it is dehvered at the 

bndge in an inclined direction 

so as to impinge upon and mix 

TOith the combustible gases 

as they entei the fmnacL The 

effect (f the evidence on tho 

performance of the Eoctius 

furnace when emploj ed for 

glass meltmg is ckar on the 

fact of economy of fuel in 

qnaiitit\ and ot the facibties 

afforded foi the employment of 

fuels of interior quahtj The ^■<"^«-'"i "™""K-r»»»e™ 

Bavmg of fuel according to the evidence langed from 

16 to 30 per cent by the Gubstitntion of the gas furnace 

for the old fiie giate furnace This proportinn of economy 

la quite in harmonj with the general evidence of the superior 

efficacy and economj of gas fuel compared with the sohd 

coal used dire:,tlj as fuel — an economj which is due 

farsf to the facihty for intimately miticg the combustible 

gasflB and air and thus tedacmg to a veiy low margin 

the surplus of air required for the accomplishment of 

complete combustion secondly to tho facility for gei 

rating thu heat m the place where it is to be absorbed — 

contact piacticftlly with the object to be heated o 

thirdly to the prehmmary heiting ol tho o.\i SM'^^X^i 
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combnstioD. It doea not appear to what degree the air is 
lieated ; bat a comparatively small rise of temperature has 
been found to make a considerable difference for the better, 
tn the action of the furnace. 

Mr. Eicheronx, in May, 1872, patented a modification 
(Figs. 127) of the Boatiua gas-furnace, in which the grate of 
the generator is made wider and shallower than in the 
Boetias furnace ; there ia a less amount of heating surface 
provided for heating the air; and, notably, an intermediate 
mining chamber is introduced between the generator and the 
furnace or heating chamber. Thia chamber operates benefi- 
cially in promoting the intermixture of the combustible gases, 
prior to their meeting with the supply of air for combustion, at 
the entrance to the heating chamber. H. J. do Macar * givea 
the comparative results of performance of the old puddhng 
furnace, the Boetius furnace, and the Bicheroux furnace, at the 
iron-'worka of MM. Piedhoeuf and Biseniaa, at Dusseldoif. 

OLD FUKNACE. 

8 charges of 4i cwt 36 cwt. 

Q of coal per ton 20 owt. 

Waste, 13 to 13 pet cent. 



I 



BOETIUS FTJHNACE. 
]8 clmrgee of 6 J cirt. In. 1 2 hours ■ . 53 cwt. 



BICHEROUS FURNACE, 
charges of 8 cwt. in 12 hours . . . Gi cwt. 

1 of cool, per ton 12 cwt. 

Waato, 9 to 10 per cent. 

The " Newport furnace " was 6rst erected and developed 
Jit the Newport Rolling Mills, at Middle sborough, about the 
year 1870. It is, for the most part, an ordinary furnace with 
on ordinary grate. The peculiar principle of the farnaoe 
^^K ■ .Sn'u; Uiimrseile des Mines. ToniQ I, 1877 ; p. 205. 
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cotiBiaU in the employiuont of jots of steam to induce a bli^ 
of air /or the supply of the furnace, and the heatmg )' 
the combined current on Hb pasaage to the furnace by II 
beat of tbe gases in the chimney. The blast is delivend 
into a closed ash-pit, at the temperature 550° Falir., ac- 
cording to the resnlta of esperimenta made by Mr. Jeramiih 
Head.* He communicated, in 1872, the relative perform- 
ances of the old puddling furuacea, and the Newport furnacGi 
at the Newport Worka, which averaged aa follows :- 

Old FoTDiux. Xowpai 
tl connuncd per t«a of pudiUed bar, 

tor long periods 34| cwt. 128 cwkH 

ing iron [RT ton of puddled liar . . . 20-62 „ 

These results show a saving of nearly one half of the 
aai the suving ia attributable to the nnited economy 
rived from the use of heated air, and to the reduction of 
quantity of air necessary approximately to that whiehj 
chemically consumed in effecting complete combustioc. 
Head moasurcd the quantity of air admitted : th< 
ment appeiircd to show that the exact supply chemii 
necesaary had been admitted, and no more. 
had some difficulty ia measuring up or proving the who)*''' 
of the nccosaary quantity. It may he admitted that tho 
steam which wus injcctad with the air took aome part in 
the combustion ; — being decomposed, in the first inatauce, 
into ita clemeuta, hydrogen and oxygen, of which tbtt 
oxygen, in the second instance, took up an equivalent of 
carbon, forming carbonic osiide, to be ultimately converted 
into carbonic acid. 

Mr. Head observed that the temperatures of the bnrnt 
gases in the chimneys of aa ordinary furnace and a New- 
port fumaco, working under precisely similar ciroumstanoes, 
were respectively 2,033° Fnhr. and 1,577° Fahr,, showing o 

" See Mr. Head's paper " On the Newport Puddling PurnncP," is 
I IS* Journal of the Zroit and Steel Institute, vol. L, 1872, pngD 22li. 
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reduction of 4fi6° Fahr. in the Newport furnace ; correspond- 
ing fairly with the raising of the temperature of the ingoing 
air 500° Fahr., espeoially if the respective epecific hente of 
the burnt gases and the air be taken into account. 

Again, the waste heat of ouch furnace was purtly ntilised 
in generating steam in a hoiler. By the gases from the 
ordinary furnace, 20-4 cubic feet of water per hour was 
evaporated into steam of 50 lbs. pressoro ; by the gasea 
from the Newport boiler, only lO'l cubic feet of water per 
hour, at 180° Fahr., was evaporated into 50 lbs. steam — 
evidence that the air-heating stove had been doing its work. 

At Elaenavon, where the Newport furnace had been at 
■work since 1870, the consumption of coal-slack amounted to 
144 cwt. per ton of pnddled bar. Messrs. Jones Brothers 
report, as the result of a month's comparative trials, that, in 
their Newport furnaces, 16i cwt. of coal was consumed per 
ton of puddled iron ; whilst, in the ordinary furnaces, 24 cwt. 
was consumed. The grate-bars, it is stated, lasted one- 
third longer time in the Newport furnace. 

In the Casson-Dormoy puddling furnace, which was intro- 
duced in 1872 — 73, it was attempted to perfect the miuii 
features of tlie old reverberatory puddling furnace of Cort, by 
intensifying and concontratmg its action anl reducing the 
working cost In this furnace which was doubU shown in 
longitud nal section Fig 12fi tho fire grate was long and 
narrow teaching alongside the bed thus the locality in 
which the heat was generated was brought up as close us was 
practicable to the bed The bed consiated of a cast iron 
basin 01 dish ri sting on a numbi.r of iron friction halls laid 
in a oast iron pan containing water The basm easily 
a^usted itself on tho balls for expansion and (.ontractton ; 
and it might also whtn required be turnud about to change 
its position m order to ensure equable tear and wear Bej ond 
the bed there was a supplementary hearth on which tho 
pigs were deposited and heated neaily up to melting point, 
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by the heat of the spent gaaes passing over them on the way( 
to the chimney. 

The grate was 5 foet 10 inches long by 1 foot 10 in 
wide. It was fitted with a, cast-iron plaf« of the full width 
of the fnraaee, which sloped upwards to the hridge at an 
angle of 30°. The back part of the grate also sloped up- 
wards, and it consisted of cast-iron fire-bars laid close to- 
gether. The bottom or lower grate was horizontal, and 
consisted of ordinary round or sc[nare bars. The fireplace, 
thus, had the form of a trough laid alongside the bridge. A, 
blast of air was admitted through each side into an air-tight 
ash-pit, below the grate. The sloping back was cooled by 
the air-blast, and thus the formation of clinkers was pre^ 
vented. Pig iron was charged in loads of 10 cwt. at a time^ 
By the employment of a blast, under control, either an oxii 
dizing or a reducing flame could be produced at will; whilst, 
with the peculiar form of grate, screencd-slack might be UBsi 
instead of forge-lnmps. The consamption of coal amouateil 
to 18 cwt. per ton of iron produced ; and 6 tons of 
were produced in 24 hours. This performance was certainly 
an improvement on that of the primitive furnaces with small 
charges ; hut it was due, for the moat part, to the adoption 
of comparatively heavy charges. In other furnaces of the 
ordinary construction, — those at Woolwich, for instance, — ai 
high a degree of efficiency of the fuel had been obtained 
with fuel of a better quahty, perhaps, than that used in thi 
CasBon-Dormoy furnace.* 

After three or four years of work, this furnace was in 
proved by substituting for the grate a gas-producer, thi 
invention of Mr. Smith-Caeson, which was started at Booni 
Oak Works in Jnly, 1876. 

The producer is supplied by a blast of air from below, 
as shown in the figure. The air is previously heated t^ 

• See a lietniled aceoimt of the Caeson-Dorraoy farnaet in t 
JovrHal of Iht Iro,t and Sleit Lntitute, lS7fi, page lOB. 
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•ome extent befors it enters tbe ash-pit, b^ being led ova 
tiie surface of tbo noEU-ost stack. The coal naed is screenai 
■Uok ; it IB Med into a hopper, and gradually v^orked dov] 
into the producer by a revolving ratchet-wheel. Air for pre 
ditcitig combustion is couducted above, below, and over tb 
rides of the gazogene, and is partially heated when it arrivH 
tt the entrance to tbe furnace, where it meets the combustibtti 
glues. Briefiy, the main features of the fumaco ar 
ftpplicatioD of gas and hot blast combiued to the puddling at, 
iron. It does not clearly appear what tbe consumptioD si 
fliel amonnts to ; bnt it is stated, on apparently gooi 
uthority, that one ton of puddled iron is produced by U 
flonsumption of 12 cwt. of rough Staffordshire slack. 1 
iir. Caason's furnace, there is instance of tbe saperi<# 
efficiency of the gas-furnace worked with heated air, cotU' 
pared with ordinary grate -furnaces. 

Tbe evidence m favour of the employment of heated ui 
as well as of heated fuel, gasooufl and eolid, for efficieol 
and rapidity of action, is iuoontestablo, in view of the n 
markftbly good performance of Mr. John Price's retort- 
furnace, in which the air and the fuel are both heated by 
the waste-heat fri>m the furnace, prior to their entering into 
oombastion, Several of Price's furnaces have been at work 
at the Royal Gun Factory, Woolwich, since 1874, when the 
first of them was erected. The double-furnace is shown 
sectionally in Figs. 129, 130. The hearth, A, is nearly 
circtilar in plan, and measures 7 feet 9 inches long, by 7 feet 
8 inches wide between the doorways, with a maximum height 
of 2 feet 0} inches above the cast-iron bed-platea, reduced 
to 2 feet clear above the cinder-bottom. The fireplace, B, 
contains a grate of the ordinary kind, 6 feet wide across 
the furnace, and 8 feet long, having an area of 18 square 
feet. It is separated from the hearth by a bridge which ia 
15 inches wide, and 12 inches above the level of the grate. 
The combuatiou-cbauibLT is 2 fi;et i inches high, above the 
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grate. At the far end of the hearth, the gases escape into 
the dandy, C, whence they return, over the hearfh and th( 
combnstion-ohamher. Here they are delivered into tlw 
casing by which tbe fuel-retort F is eurroanded ; 
which they pass downwards into the sunk chamber QtM 
enclosing the east-iron reservoir H ; and thence by the flual 
I, to the chimney K. The air-blast for the fornace is 
supplied by a Lloyds' fan, under a presaure of 8 incheB of 
water. 

The retort F is, for the lower part, constructed of fire-i 
brick ; the upper part is of east iron, weighing 16 or 16 cwb 
It stands 11 feet 6 inches high above the sole, and is 2 feetj 
10 inches in diameter at the lower end, narrowing upwardf 
to a diameter of SO inches at the top. It is fitted with 
hopper L, at the top, into which tbe coal is introduced, ani 
from which it is charged at intervals into the retort, by th 
action of the segmental damper or valve M. The fuel i 
accumulated on tte sole of the retort, where it is subjected 
to a coking process by exposure to the heat from the fni" 
nace. "When the gases are driven off, the coke is pushed 
forward into tbe com bastion -chamber, where tbe combustion. 
is completed. The stoking of the fuel is efi'ected by the- 
doorway N, which is opened for the purpose, and is at other 
times closed air-tight. The air-blast is conveyed in a pipo 
which is carried within the brickwork completely round the 
smoke chamber G, and delivers the air into tbe oentrd 
reservoir H. From this reservoir tbe air is discharged by a 
blast-pipe into the close chamber or aah-pit 0, under tha. 
grate. The pipes lie freely in a comparatively open space 
within tbe brickwork : the space being in free commnnioation 
with the chamber O, by means of a number of openings, 
which admit of the circulation of the hot gases around tha 
sir-pipe. 

The action of the furnace is as follows : — A fire is l^hted 
on the grate, and burns in the usual manner, until the 
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funiaoe bccomoB weU-heated. The retort is thou 
■with fuel, after which stoking tftltea place from tie 
towards the grate. The burnt gases which circulate 
the retort maintain it at a dttll red heat ; and the fael 
withm it is gradually carbonised, as it descends, in a manner 
Bimilar to the action of a common gas-retort, until, whf 
reathos the bottom, it is deprived of nearly the whole of lU 
gftseouB conBtitnents, and a fnel nearly in the condition 
coke remains, to bo pushed forward to the grate. I 
retort is made qnito air-tight, the combustihie gases 
are geuorated are driven off by the lower end of the 
into the combustion- chamber, where they meet the free 
arriving through the grate, and are burned with it, at 
same time that the coke is bnrned on the grate. 
temperature of the combustible gases arriving in the c 
bastion-chamber is from 800" to 1,000° Fahr. The coke, 
course, arrives at the same high temperature, whilst the air- 
blaat is delivered at a temperfttiire of about 600" Fahr, 
These conditions are very favourable for the complete and 
iiumediato combustion of the fuel, and for the production 
a very high temperature in the furnace. They involve, 
Eome extent, the principle of the regenerator : the ntilit 
of the heat of the spent gases, by which, it appears, the 
is carbonised, the air is heated, and the pigs receive a 
liminory scorching in the dandy before being passed on 
the hearth. 

The Price famace, in its earliest form, had no dandy, 
the burnt gaaee were discharged into the chimney di 
from the upper end of the retort- chamber, Mr. J. Lothian 
Bell* states that this furnace, working in 1875, was capable 
of the following performancea. For a single-bedded puddling 
fumaoe, working 12J tons of pig-iron per week 
double-bedded furnace, working 25 tons per week ; both 



• See his pape 
uraal of lh« Irw 
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them working by the draught of the chimney only, and with 
eold flir direct from the fttrooBphere : — 

Ibon ANT) Scrap Ihoh BalUi 

KA^). 

Binsle-bBd. DoDble-bsd. 

Ciito. Cwte. 

Pig and scrap iron .... 20'70 20-97 

Fettling -46 ■21 

Coal 1402 10-71 

The coal nsed wee unscreened Oawber HaU, a Yorkshire 
coal of good quality. The some kind of coal waa used in all 
the trials. 

For the next trials, a fan-hlaet was used, and the air 
propelled through heuted pipes in the manner already de- 
scribee!, by which its temperature was raised to 300° Fahr. 
The fursQce Tras double-bedded, and with the heated blast 
it reduced 26^ tons of pig in ten shifts, being IJ tons more' 
than was treated with cold air. 

CaNSL'MTTION PEE ToN OF PuDDLED IhON ANQ SoBAP BaLLB 



Pig and scrap ir 
Fettling 
' Coal 



Showing a reduction nf 1^ cwt. of coal, llj per cent,, by 
using the heated blast in place of cold air. 

Mr. Price stated, in discussion, that the respective quantities 
of coal consumed per ton of iron produced in the furnace, 
as it was then constructed, were as follows : — 

Coal per ton Coal p«r ton 
in ardiiutry m Eetort 

Charge of Pig. ftimace. ftiTnaco. Oaf 
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The ordinary reheating furnaces conBumed 9^ cwts, of 
eoftl per ton of iron, working day-shift only ; or 8 cwt. p«r 
toD, workiiig day and night. When they were adapted with 
the retort eyatem, the conBomptiona were as follows : — 

Cinder Ivllam. Diiy shift only, includiitg lighting up . . d-S6 rvt. ] 

Thy. da. Day nnd night work i'2b „ 

Sand koHam. Day shift only, including lighting up . . 4-SO i, 

Do, do. Day and night work 3-7fi ,. 

showing a gain of one-half. 

A pressure of blast 8 j Iba, per eqnare inch was tried by J 
Mr. Whitham, of Leeds, bat the beat was exceaaive: — the ] 

brtckB melted, and tbo furnace was burned through in 
coorae of twenty-four houTfl. "With a pressore of i lb, per 1 
eqaare inch, equivalent to 18} inches of water, the damage 1 
was obviated. 

The temperature in the flues of a reheating retort-fumaca, I 
daring several heata, ranged from 1,100° to 1,400° Fahr.^ I 
the average temperature beiug 1,260° Fahr. 

In the flaes of puddling retort -furnaces, the temperature I 
ranged higher ; bnt it was not accurately observed, although I 
it was estimated that it ranged from 1,600" to 1,800° Pahr. 

The resulte of the performance of the double-bed retort- 1 
puddling furnace at Woolwieh, averaged for a long period o: 
time, are as follows : — 



»PiR and scrap iron cliftrged .... 18'68 

Fottling 4-13 
Coal fl-40 

Mr. Whitham reports that, in a retort -puddling furnace, 
taking charges of 15 cwt., he has produced a ton of iron 
with a consumption of 7i cwt. of coal. This was done in 
Yorkshire, where the iron is weaker and more easily puddled 
than that used at Woolwiuh. 

That the temperature of tfie ratort-fiumaee is high, bw bflen 
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proved by the melting of 40 lbs. of wrought-iron in each of 
three crucibles at once, in the course of three hours. From 
analyses which were made of the combustible gaBes, it would 
appear, as Mr. Lothian Bell observes, that the nature of th9 
combustion may be controlled so that a flame, more or leas 
reducing in its character, may be maintained. In one 
instance, two large piles of wronght-iron were placed in a 
heating furnace, and projected above the level of the bridge, 
where they were exposed to cutting action by the flame. 
To obviate waste from this cause, the ijiinutity of the blast 
was moderated to about half the usual volume. Undei 
these conditions, the gases contained a large proportii 
carbonic oxide, and a proportion of hydrogen, thus : — 



I 



r Qabes, at Half-blast. 
By volnMe. By veiffbt. 
13'07 13-20 

7-76 12-19 

7 36 -63 



The temperature of the blast was 500° Fiihr., and that c 
the burnt gases when they arrived at the entrance to the 
chimney, amounted to 1,600" Fahr., where the flue was 
red-hot. 

In the experiment which followed, the full blast of a 
heated to 560° Fahr., was supplied, the object of the i 
periment being to ascertain the maximum intensity of heat J 
that vrae available by this fnrnaoo. 



Citrbonic ai 

Oxygen 

Kitrogeu 



T Gabes, at pull blast. 
ByTolume. Byveighb 
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Here it is clenrly indicated that not only wkb the earlioD 
effoctunlly hnrned, but, hy the presence of oxygen, that 
there was nn eiceas of nir. The proportion of this excess 
nmy be estimated from the 2-8 per cent, of oxygen, wlu«h 
corresponded to 7'7 per cent, of nitrogen. This por-centage 
of nitrogen amounted to folly one-tenth of the whole pet- 
eenlage of nitrogen in the gases; and it showed that the 
eurpluB Bir amounted to 10 per cent, of the air that 
wn» required for ohomicEil consumption. The temperature 
in the furnnco sufficed for the melUng of 26 Ibe. ef 
wrought iron in 2i honrs. The temperatare of the escapDg 
^aaes only reached 900" Fahr. : the flno was not vidUy 
red 'hot. 

The cost of a doable puddling furoBco for receiving 
iharges of 15 owt. is about £400: abont twice as mach as 
hat of an ordinary fornace of equal capacity. 

A puddling and healing furnace, patented in September, 
1877, by Messra. Caddick and Mabery, presents a very siraiile 
and effective oombination for supplying a heated blast of air 
for corabustion with the fuel. They provide what they call 
a generator of combuatiblo gases. A, Figs. 131 ; which is, in 
fact, an ordmary fireplace, in which the solid fuel is burned 
on a grate. It is constructed of firebrick, enclosed in a 
casing of plate iron. This is surroimded by a second iron 
casing enclosing an air-space, into which air ia blown &om 
the pipe B. The air circulating round the generator is 
heated in the air-spaces, and is discharged partly into 
the enclosed ashpit C, and partly into the combustion- 
chamber D, above the fire, through several openings 
made for the purpose. The air that enters the ashpit 
receives an augmentation of heat from the hot ashes and 
cinders. 

It Appears that, in a donble-bed furnace,* with average 
charges of 11 cwt. each, 19 cwt. of " stamps," 

* See an aTtic)e in TAt I 
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bars, were produced per ton of pig iron and Eorape charged, { 
with a cousnmption of coal, 12| cwt. per ton charged, and 
13J cwt. per ton of bar. 

In the old Bingle pnddling furnace', 18^ cwt. of stamps ' 




Figs, lal.— Caddiok and Mabery's Farnaos. 



*ere produced per ton charged, for a consumptioa of fuel ot'M 
23 cwt. per ton of stamps. From these reaulfs, it is s 
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that a saving of 44 per cent, in fael was effected. The 
saving in fettling amounts to 50 per cent. 

Mr. T. R. Crampton*8 unique system of heating iron 
furnaces hy the combustion of powdered fuel — coal-dost — 
will he described farther on, in the chapter on Powdered 
Fuel. 




BLAaT-rURNACES. 



It is outside the Bcope of thie little ^ork to follow out thft 
iutricELcies of combustion in blast- furnace a, or to trace the 
progress of economy of fuel in tbis connection. Suffice it to 
subjoin an abstract of tho detailed est imates formed by Mr. 
3. Lothian Bell of the appropnation of the beat of Durham 
coke in tbe Cleveland blast furnaces, reported in the Joumai 
of the Iron and Steel Imitiilt, 1872—1875.* 

Darham coke, it is assaiBed, consists of 92'5 per cent, rf 
carbon, 2'5 per cent of water, and 5 per cent, of ash and 
sulphur. To produce 1 ton of pig iron, there are required 
11 cwt. of limestone, and 49 cwt of calcined iron-stone ; 
iron-stone consists of 18-6 cwt. of tton, 9 cwt. of oxygen, 
and 21-4 cwt. of earths. There is formed 7'26 cwt. of slag, 
of which I'l cwt, is formed with the ash of tbe coke, and 
G16 cwt. with the limestone. There are 21-i cwt. of earths, 
from the iron-stone, less '74 cwt. of bases taken up by the 
pig-irOD and dissipated in fume ; say, 20'66 cwt. Total of 
slag and earths, 27-92 cwt. 

Mr.' Bell assumes that 30-4 per cent, of the carbon of thw 
fuel which escapes in a gaseous form is carbonio acid ; anct 
that, therefore, only 51-27 per cent, of tbe heating power of 
the fuel is developed and the remaining 48-73 per cent. 

• Tlie abstrai^t ia deriTed from " A SlanuiJ of Rules, Talilea, aui 
DaW 1877, pago 498. 
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lenvfiB the tnnnol-head nocleveloped. He adopts, as a m 
of heat, the heat reqaired to rtuse the temperature of 112 11 
of water 1° Centigrade. 



TH« PHODtPTIOH OF 1 ToK Or PlQ-lBOK. 

Evaporation of vnter in coke, and chomlcal action, 

ID ameltiiig 48,3fi4 

FnaiOQ of pig-iron 6,600 

FtudonofBlsg 1S,3S6 



of hi 



3,700 



Approprintcd for the dirwrt work of the ftimaoe 7*,010 

Low b7 radiminn through the wnlU . 3.600 4 

CuTied away by tuyere-wtttw . . . 1.800 2 

Sin^blo heat ot giueoiu produi;U 10,000 It 

^L WaBto 15,400~ 

^H ToUl heat generatod in the furnace 89,410 

The undeveloped heat of the fael amounfa proportional! 
to88,410x ilif = 84>080 nni's- Add to this, the sensible 
beat of the gaseoiiB prodacte, 10,000 units, and the sum, 
94,080 units, la disposed of as follows : — 



DUTOIJIUTION OV THH WaBTB AND VMOBVaLOFED HbAT OF THE Fl'E:, 
KEaUIKlD FOB TUB PaOnVCTIOS OF 1 ToN OF Pw-IBON. 

UniM. Fei cuA 

Gencratinn of Btcam for blast-engine and varioua 

pumpa cODD^ted with thH wurk . . 28,080 29'fl 

Heftting the bliwt te 805° F 11,620 m 

Appropriated for dirod, work .... 40,000 42'l 
Loss by railiation from the gas tubea , 3.320 3'5 

Losa of hnat escaping by the cbinmeye . 21,6G0 22'3 

[temperature, 770° F., from boilers) 
( „ 640' F., from atovea) 

Radiation at boilorB and Btovee, 26 per cent. 16.240 17' l 

Waste 4I,S20 434 

Loaa of gases from bliut-fumBces, in cbarging, 5 per 



4,740 



6-0 
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For the performance of the duty according to these analyses, 
Mr. Bell states that 19*08 cwt. of carbon, or 20*62 cwt. of 
coke, is required, per ton of iron 'produced from ore yield- 
ing 41 per cent, of iron. In a furnace having 18,000 cubic 
feet of capacity, 80 feet high, 1 ton of No. 3 pig-iron was 
produced with 21^ cwts. of ordinary Durham coke, from 
Cleveland iron-stone. 

In recent years, by raising the temperature of the blast to 
485° C, or 905° F., the consumption of coke, with a furnace 
48 feet high, was reduced to 28 cwt. per ton of iron. With 
a cold blast, more than 60 cwt. would probably have been 
required. 

It is stated, that at Barrow works, where the Siemens- 
Cowper regenerative stove is employed for heating the blast 
lo 1,100° F., the quantity of coke consumed is 20*08 cwt. 
per ton of iron. 



CHAPTER XXI. 

THE SIESrENS REGENERATIVE GA-S-FUKNACE. 

In the aystem of Leatiog known as the regeoerativi 
furnace of Mossrs. 0. W. and F. SicmenB, ordinary foa 
after having been converted into combustible gases i 
gazogene, the principle of which has already been describe! 
are cooled down in a cooling tabs tiirough which they a 
passed, in order to precipitate by condensation the aqneons 
vapoor in mixture with them, whilst at the same time a pro- 
portion of tarry matters is likewise precipitated. The com- 
bustible current, thus purged, is next passed through and 
heated by a mass of hot firebricks. The air also is passed 
tbroagb, aud heated by a mass of hot firebricks. The currents 
of combustible gases and air, after having thus been raised la 
a high temperature, are conducted to the furnace, and brought 
into contact and mixture ; combustion ensues, and intense 
beat is generated in the furnace. The products of combustion 
are then led off through other masses of firebrick, to whicli 
they communicate their surplus heat, previously to their pass- 
ing away by the chimney. Professor Faraday described the 
Siemens regenerative furnace in the following terms :— " The 
gaseous fuel is obtained by the mutual action of coal, air, 
and water, at a moderate red heat. A brick chamber, 
perhaps 6 feet by 12 feet, and about 10 feet high, has one of 
its end walls converted into a fire-grate ; that is, about half, 
way down it is a solid plate, and for the rest of the distance 
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consists of strong horizontal plate-bars wbero air enters, the 
whole being at an inclination such ns that which the side of 
a heap of coals would naturiiUy take. Coals are poured . 
through openings above upon this combination of wall and 
grate, and, being fired at the under surface, they bum at the 
place where the air enters ; but, as the layer of coal is from 
2 to 3 feet thick, various operations go on in those parts of 
the fuel which cannot htirn for want of air. Thus the upper 
and cooler part of the coal produces a krge body of hydro- 
carbon ; the cinders, or coke, which are not volatilised, 
approach, in descending, towards the grate ; that part which 
is nearest the grate, burns with the entering air into carbonic 
acid, and the heat evolved ignites the mass above it ; the 
carbonic acid, passing slowly through the ignited carbon, 
becomes converted into carbonic oxide, aiid mingles in the 
upper pai't of the chamber (a gas-produeer) with the former 
hydro -carbons. The water, which is purposely introduced at 
the bottom of tbe arrangement, is first vaporised by the heat, 
and then decomposed by the ignited fael, and rearranged as 
hydrogen and carbonic oxide, and only the ashes of the coal 
are removed as solid matter from the chamber at the bottom 
of the firebars. 

" These mixed gases form the gaseous fuel. The nitrogen 
which entered with the air at the grate is mingled with them, 
constituting about one-third of the whole volume. The gas 
rises up a large vertical tube for 12 or 15 feet, after which it 
proceeds horizontally for any required distance, and then 
descends to the heat- regenerator, tbrongh which it passes 
before it enters the fmnacos. A regenerator is a chamber 
packed with firebricks, separated so as to allow of the free 
passage of air or gas between them. There are four placed 
under a furnace : the gas ascends thi'ough one of these 
chambers, whilst air ascends through the neighbouring 
chamber, and both are conducted through passage outlets at 
one end of the furnace, where, mingling, they burn, produc- 
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^VSng the beat Aao to their chemical action. PaBsing oniruBB 
to the other end of the rumaoo, they (that is, the comlbej ' 
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if the furnaoo, they (that i 
gases) find precisely similar outlets, down which they paiiii, 
and traversiag the two rentainiog regenerators from abovs 
downwards, heat them intensely, expecially the upper part, 
and so travel on in their cooled state to the shaft or chimnt;. 
Now the passnges between the foor regenerators and the gas 

id air are snpphed with Tnlves and deflecting plates, n 
like fonr-way cocks in their action ; so that, by the i 
of a lever these regenerators and airways, which were carry'" 
ing off the oxpeoded fuel, can in a moment bo used for aon- 
ducting air and gas into the furnace, and those which jnst 
before had Bervod to carry air and ga8 into the furnace, now 
take the burned fuel away to the stack. It is to be observed 
that the intensely heated flame which leaves the furnace for the 
stack, always procecids downwards through the regenerators, so 
that the npper part of them is most intensely ignited, keepbg 
back, as it does, the intense heat; and so effectual are they 
in their action, that the gases which enter the stock to be 
cast into the air tiro not usually above SOO^ Fohr., of tempera- 
tnre. On the other hand, the entering gas and air always 
pass upwards through the regenerators, so that they attain a 
temperature equal to a white heat, before they meet in the 
furnace, and there add to the carried heat that is due to their 
mutual chemical action. It is considered that when the 
furnace is in full order, the heat carried forward to bo evolved 
hy the chemical action of combustion is about 4,000° Fahr., 
whilst that carried back by the regenerator is about 8,000° 
Fobr., making an intensity of power which, unless moderated 
on purpose, would fuse furnace and all exposed to its action. 

'* Thus the regenerators are alternately heated and cooled 
by the outgoing and entering gas and air ; and the time for 
alternation is from half-an-hour to an hour, as observatioa 
may indicate. The motive power on the gas is of two kinds ; 
ft Blight MCMB of ptwewre Ttitbin is kept up from the gas 
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. proclucer to the bottom of the regenerator, to prevent air 
entering and mingling with the fnel before it is burned ; but 
from the furnace, downwards through the rei^enerators, the 
advanue of the heated medium is governed mainly by the 
draught in the tall stack or chimney. 

"Great facility is afforded is the management of these 
Airnaoea. If, whilst glass is in the course of manufacture, 
as intense heat is required, an abundant supply of gas aud 
air is given. When the glass is made, and the combustion is 
to be reduced to working temperature, the quantity of fuel 
and mr is reduced. If the combustion iu the furnace is 
required to he gradual from end to end, the inlets of air and 
gas are placed more or less apart, the one from the other. 
The gaa ia lighter than the air ; and if a rapid evolution of 
heat is roquired, as in a short puddling fnraace, the mouth of 
the gas inlet is placed below that of the air inlet. K the 
reverse ia required, as iu the long tube-welding furnace, the 
ooTttrary OFrangeiQent ia need. Sometimes, as in the enfibiel- 
ler's furnace, which is a long muffle, it is requisite that the 
heat be greater at the door end of the muf^e and furnace, 
because the goods being put in and taken ont at the same 
end, those which enter last are vrithdrawn first, and remain, 
of course, for a shorter time in the heat at that end ; and, 
though the fuel and air enter first at one end and then at the 
other alternately, still the necessary difference of temperature 
is preserved by the adjustment of the apertures at those 
ends. 

" Not merely can the supply of gas and air to the furnace 
he governed by valves in the passages, but the very manu- 
facture of the gas-fuel itself can be diminished, or even 
stopped, by cutting off the supply of air to the grate of the 
gas-producer ; and this is important inasmuch as there is no 
gasometer to receive and preserve the aeriform fnel, for it 
proceeds at once to the fnmaces. 
ASSome of the furnaces Lave thsir contents open to the 
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iViel and combustion, aa in tbe puddling and metal-melting 
arrange meuts ; others are euulosed, aa in the muMe-furnac^i', 
and fliiit-glasB fumaaea. 

"Tbe economy iu the fuel la esteemed practically a 
hftlf, even when the same kind of cool is uaed, either dirw 
Ibr the fDrnace or for the gas-producer ; but, as in the lattt 
the most worthleaa kind can be employed, such as 
ilaek, &c., which can be converted into a cloan gaseoua fuel 
distance from the place of the furnace, so, many adfan- 
tftgcH seem to present themselves in this part of the arraoge- 
meiita." 

Tho sBsential principle of the Siemens furnace is, then, 
to intercept the boat of the products of combustion eacaping 
from a furnace, and cause it to heat the furaace anew. The 
transformation of tho fuel into a combustible gas was a 
ueooeaary adjunct of tho umpluyment of the departing heat, 
«0UBequent on tbe unsuccessful oiforts made by heating the 
tix only, and directing it to the fuel !□ the solid state, l:y 
natural draught cnly. When, subsequently, the fuel waa 
converted into gas, it n'as naturally considered advantageous 
tu raise tho temperature of tbe gas, as well as that of tbe 
air, before these two elements were brought into mixture 
for combustion. In this way, the temperature was elevated 
without difficulty. Before the introduction of the regenera- 
tive furnace, the heat of the departing gases was bnt partially 
eoonomisod ; besides the heat lost in the production of steam, 
in calcination, &c., beat was lost in many furnaces, some- 
times in enormous quantities, as in glass-furnaces, when 
chambers of large capacity were to be heated to a high and 
equable temperature at all points. The flame from the glass 
fiirnaces carried off tbe greater part of the heat of oomboB- 
tion into the chimney— heat which could not be utilised in 
generation of steam, for which there was not any demand. 
In such oases, the economy effected by tbe Siemens regene- 
rator has been most remarkable, and has been influential fi 



^^P THE SIEMENS SEGENERATIVE GAS- FURNACE. 335 H 

' rapidly promoting the adaption of the meana of beating V 
to high temperatures, according to that system. ■ 

Formerly, the air and the gaa were heated to temperatures | 
of from 400" to 800° Fahr,, wliich indicated but moderate 
accessions of heat when compared with the actual temperature 
of combustion. In the Siemens furnace, on the contrary, the 
elements may be heated up to from 1,800° to 3,600° Pahr., ■ 
and more, before their entering into chemical combination ; H 
thus not only economising heat, but producing higher ^M 
temperatures than before. Suppose, for instance, a block of 
steel is to be melted on the old system, for which the melting 
point is, say, 4,000° Fahr,, coal of the best quality would ba 
requisite, the dimensions of the furnace must be restricted, 
the exact proportion of air to be admitted must be precisely 
adjusted, and every precaution must be practised in order to 

[produce a temperature of at least 4,000° Fahr. Bat the 
conditions and the results are entirely changed, when, by 

I' the modem process, the eteei may be plunged into an atmo- 

' sphere of 5,600° Fahr. 

The elements of the Siemens system will now be described 
more in detail, with general reference to the illustrations. 
Pigs. 1S2, 183, 134. 

Gazogene. — The gas-generator or producer or gazogene, is 
a brick-chamber 8 feet 2 inches deep, formed as a vault, with 
an arched roof, two vertical side walls, from 5 feet to 6^ 
feet apart, a vertical back wall, and a front wall b forming an 
inclined plane at an angle of from 46° to 60". The front wall 
ia supported by iron plates ; and it ia eontinaod towards the 
bottom by a step-grate at the same inclination, about 2 feet 
8 inches deep, joining to an ordinary horizontal grate, c. 
This grate stands at a height of 16 inches above the floor of 
the structure. The lower side of the step-grate is from 4 to. 
6 inches cleor above the horizontal gi'ate, to leave room for 
clearing out the cinder and ash. The lowest bar of the step- 
grate suffers most, and is either made hollow and filled with 
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wnUT to keep it cool, or ia made thicker than the otbiRl 
The bars should bo of wrought iron, and their number shoi^ 
bn limited to three or four. The bftra of the horizontftl g 




may be few in number, whtn the coal lies on a bed of clinU 
The roof of the gazogene is formed with orifices, throM 
whinh the fuel may be gaidod, and agglomerntiona may h 
broken down by pickers. Two of the openiiiga i 
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larger and are fitted with hoppers a through which the fuel 
13 Bupihed Othei openinga ns o- are made through the 
loof, through which the fire ln^y be inspected and t 
may be pashed down To present aoeosa of air directly to -. 
the gases abo\e the fuel the back wall is stepped forward 1 
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to the c\tcut of 10 or 12 inches, at ft level a little above thft 
honzonial grate The luel rent? upon the bench thus formed, 
and it eflectually dehars the entrance of free au next the 
wall By this simple precaution the quality of the gas is 
considerablj inipro\el 
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Chtiri/iiiii lite Gnzoyene. — The depth of the fuel and 
iBclinatioD of tho grate vary, fia before stated, with 
mtnre of tho fuel. The larger the pieces of tbe fael, 
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lesH IB tho tcnltney to descend and the gieater 
chnation requiied 'nSiich amounts to Baying that the inol 
tion should be equal to that of the natural slope of thi 
r The thitki ] li may vary from two to three 
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shonld iocretise with the size of the coal, R,a the greater L 
the tendency to form isteistices by the agglutination of the 

The quantity oE coal that may he bnmed per day of 
twenty-four hours in a gazogene depends upon its dimen- 
sions and t!ie nature of the fuel. For a generator of the 
given dimensions, the quantity varies from 3,000 Iba, to 
4,000 lbs. per day. It ia generally preferable, especially 
with rich coals, to moderate the formation of gas ; for thua 
the combustion of gas is better regulated, and tlie gas i 
more easily cooled. But the generator mast be maintained 
at B snfficIoQtly high temperature. Coke nsed as fuel should 
be disposed in bods of from 8 feet to Si feet thick, and it 
may be burned in more considerable qnantities. 

Coal, from the timo it is charged until it is entirely, 
consumed, remains in the converter for a period of from 88 
to 60 hours according to the capacity of the converter and 
the rate of combustion. The grata is usually cleaned once a 
day ; and, when there are several generators, they are- 
cleaned successively, at regular intervals. The cinders are 
sifted and returned to the generators with the ordinary coal. 

Whatever the quality of coal used, a great quantity 'of 
aah in the generator is always a great obstacle to its proper, 
action, and it is strongly recommended to wash dirty coal.-, 
The washing of coal is easiiy and cheaply done. 

Heat is utilised by employing water, which is supplied 
in limited quantities by a pipe, e. The vapour, coming into 
contact with the carbon of the fuel, is resolved into its . 
elements, oxygen and hydrogen, of which the former takes np I 
an equivalent of carbon, and forms carbonic oxide, free fromj 
nitrogen. The carbonic oxide and the hydrogen are after-'' 

Hrds burned ia the furnace. The water lies in a pool below 

B grate, into which the hot clinkers fall, and there generate 
Tho quantity of vapour that may thus be absorbed is 
necessarily limited, since the vapour exercises a refi-igerating J 
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action in tbo generator : it depeuds upon the bent which 
diapoBiiblo, from the combaslion of the carbon by the 
The mnss of coal in the generator is in best condition when, 
seen from the sight-boleB, it Lbb the clear dark-red appear- 
ance of a coke-fire, without either flame or smoke, the pieces 
of ooke being less hot than the interspnccs between them, b; 
which the gns rtsea. A cheny-red should not be esceeded. 
When the colour becomes bright-red, it indicates that the 
combustion is too active, and that a considerable proportion 
of the carbonic acid escapes being converted into eta. 
osidc. Two evils result from such exceasive activity 
gas is impoverished, and it is wastefolly raised in tempi 
tnre. Air, besides, is drawn in through the interspaceB, 
bams the gasos above the fuel. The gas should not be 
hot as to inflame when it is discharged into the air. D^> 
Siemens stiites that the temperature jn the chamber of 
generator docs not exceed 750° Fahr. 

From the results of various observatioDa it baa been foe 
that, to convert 1 ton of coal in 24 hours, an at 
of grate equal to from 41 to 4} square feet is required. For 
an area of 41 square feet the rate of conanrnptiou reduced to 
the ordinary measure would amount to 500 lbs. per square 
foot for 24 hours, or to 20'83 lbs. per square foot per hoar. 
Greater rapidity of combustion, oven twice as much, hae 
been prnctiscd; but it is not good practice. When 
generator becomes too hot, it is reduced to the proper i 
perature by the jadniission of steam under the grate, 
grates should always be well cleaned, and the coal next 
grates should bam with a bright red colour. 

There is another reason for moderating the ri 
oonversioB, especially of rich cools. The coal, when 
jected to too high a temperature, runs together and 
forming vaults and incurring irregular descents with 
Bpacea. The very bituminous coal, besides, has an aj 
for producing iiqnids, — t«r, by which the passag* 
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obatrncted, nnd eoot, which lines the pipes to inches of 
thickness, and is deposited chiefly in bends and at valves, 
wherever there is change of direction or of section. These 
deposits, of course, demand frequent cleaning out. 

By the erpansiveness of the hot gases in the gazogene', & i 
Blight excess -pre s sure is set up which is useful for prevent- ' 
ing ingresH of air into tbe passages on the way from the 
gazogeco to the legeuBrators. If the gazogenes can be 
pkced on a lower level than the furnaces, the gas, in virtue 
of its lightness and ascensional po^ver, would produce by its 
upward movement a sufficient pressure. Dr. Siomeas states 
that, for this object, a difference of level of 10 feet would be 
snffieient. But, in the absence of difference of level, the 
desired pressure is produced by the employment of a cooling 
tabe. The hot gas is delivered from the generator into & 
vertical fine, h, from 13 to 15 feet high, built of brick, to 
preserve the heat ; thence it passes into the horizoatal 
" elevated cooling-tubo," J, of sheet-iron, whei'A it is cooled, 
and its density is augmented, and whoace it descends by a 
tube which completes the syphon. The height repaired for 
the cooling-tube to yield the presanre, which would be 
equivalent to a difference of level of 10 feet between tbe 
generator and the furnace, may be calculated. 

Thus, a certain amount of the onergy of sensible heat is | 
transformed info that of pressure : — that there may not be 
any leakage of air into the gas-flue, and that the gas may be 
delivered with a slight outward pressure at the furnace. 

The temperature of the gas on leaving the generator has 
been foand to be 600 C, or about 1,100° Fahr. ; and, in the 
cooling tube, the gas is cooled to 10i° Fahr. The required 
height amounts to about 14 feet, and the pressure : 
measured by iV inch of water. 

By the cooling of the gas, the steam which necessarily J 
passes over with it is, for the most part, condensed. For I 
furnaces dealing with iion or with steel, when moist fuels [ 
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arc cousnmed, it is absolntely Deceseary to completeljJ 
cool the gases, in order to separate by condensatioti tlU'l 
anueoufl vaponr, which, when permitted to enter the f 
nace, oxiUisos the metal. For the reheating furnace, i 
the iron-works of Munkfora, in Sweden, tho gase 
dacte o! gri^cn siiw-dust, holding 45 per cent, of hygl! 
metric water, hold, after condeasstion, no more than 2 o 
of the S3 per cent, of vapour cxiatmg in the gases beE 
condensation. 

Tho gases tiom the Bevera! gonerators are collected is fm 
horizontal conduit, whence they pass ialo a single yertioul 
brick shaft, on their way into the cooling tubs. 
farnace consaming 8,800 lbs. of coal por day of 24 hoQU 
tho cooling tube ehould present a surface of at least ( 
square foet ; and, of course, the greater Iho number li 
generators, the moro extended must be the cooling tube. 
The descending tube is most usually made of sheet iron, 
and delivers the cooled gases into a conduit from 28 to 
40 inches square, -which may be of a length of from 80 to 
800 feot, by which they are conducted to the regenerators. 
The greater part of the tar is collected in a reservoir placed 
at the lower end of the descending tube. 

A regulating valve is placed in tho conduit, to adjust the 
sapply of gaa, or to shut it off entirely. It is of cast-iron, 
varying from 10 inches to 24 inches in diameter, and may 
be lifted to give from C inches to 12 inches of opening. The 
gas next reaches the reversible valve, — a Hat valve, turning 
on a horizontal axis, and commanding three ways — two to 
the right and the left, alternately opened for tho passage of 
the gas to the regenerators hy tarning the valve through an 
arc of 90°, The third way is the exit-flue to the chimney, 
by which the spent gases, deprived of their surplus heat, a 
delivered into the chimney. When the generators are beil( 
lighted up, tho valve is placed vertical, and the gases g 
■■direct to the chimney. Tho valve is of cast-iror 
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Tectangular ; but sometimes elliptical, when it is placed in 
a three-way cast-iron pipe. 

The gas arrives at the lower part of one of the regene- 
rators, which are placed under the furnace in which com- 
bustion is to take place. As the gas ascends through the 
regenerator, it becomes heated by contact with the bricks, 
until it is delivered into the furnace ; the draught of the 
chimney should be adjusted so as not to be felt until the 
products of combustion pass from the furnace, to make their 
descent into and through the regenerators. 

The air for effecting combustion is admitted by a mush- 
room-valve of the same dimensions as that employed for the 
admission of the gases. It is usually lifted only half as 
much as the gas-valve. Having passed the regulating- valve, 
the air arrives at a three-way valve, adapted like the other 
valve for gas, to direct the air towards one or the other of 
the compartments of the generator where it is to be heated. 
Having passed through this, it is delivered into the furnace. 

Eegenerators, — The regenerators consist of four compart- 
ments, c, c, E, e'. Fig. 133. Each compartment is a 
rectangular chamber, usually from 16 to 32 inches wide, 
8 feet to 12 feet long, and from 8 feet to 10 feet high. 
Bricks are placed in tiers in this chamber — 10, 15, or 
30 tiers, according to their dimensions, — arranged to over- 
hang and to afford a thoroughfare between and amongst 
them. The conduits from which the air and the gases 
are delivered into the compartment are 18 or 20 inches 
high, and they run under for the whole length of the 
compartment. The conduits are over-arched by bricks, 
leaving large openings or interspaces through which the air 
or the gas ascend into the compartment. The bricks are 
supported upon this arch. The best arrangement of bricks 
is that which admits of the lodgment of a great weight of 
bricks in a given space, maintaining a clear way by placing 
them in ranges : making sufficient passage-way for the gases 
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to paBB on slowly, and offering a suitablo area of surface. 
Dr. BiemcDs bas foiiDd tbat n snperficial area of 6 sqnare 
foot is repaired for taking np tbe heat from one poimd of 
£0ft] consumed per botir, which would he equivalent to 5Q0 
Hqaaro foct for ouch ton of coala consumed in 24 hours, or to 
280 square feet per ton per 24 houi's, for each of two com- 
:meats. The volume of space required for the fom 
ipartmonte amounts to 4J cubic yards per ton of cool per 
hours ; of which ono-half, or 2^ cubic yards, is taken as 
empty, and tbe other half as filled. Firebrick weighs 1-353 
Ions per cubic yard solid ; and (1-353 X 2J) S tons for four 
compartmontB, or IC cwt. for one compartment. This 
proporliou IB greater than wliat may be deduced in tertne 
simply of the epocilic heat of firebrick, which is 0-21, 
tbat of the gases, which is S-ii ; but, necessarily, the lo^ 
langes of brick are much less heated than the upper ranges. 
Their maximum temperature is not usually more than aboat 
212 Pabr, ; and, obviously, a greater body of brick is needed 
to take up the heat of the dapjtrting gases than if tbe whc^ 
of the brick were alike heated to the highest temperatara 
tbe regenerator. 

The firebricks manufactured with the Biuas clay, of 
Vale of Neath, are the best for the purpose of the regeneral 
This clay consists almost entirely of silica: the compoaltic 
is as follows : — 






AluminB . 
Protoxide of Iron 

Potash and Soda 
WatOT in Combinatioi 



The powdered rock is mixed with one per cent, of lime, 
and just enough water to cause the misture to cohere under 
presBuro. The limo acts as a flux to cement together the 

K articles of nuartz. _^| 
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TLe compartments of tJie regenerator are placed together ia 
two groups, most commonly underground. Thoy 
rounded by a thick wall, which may be built of two thick- 
nesBBB with an interspace filled with sand. The compart- 
ments are separated from each other by walls which are 
oarefuUy built, to prevent any direct communication between 
the gas and the air. The groups are connected with special 
reversing valves b, n. Fig. 134, so arranged that the gas- 
regenerator of the admission pair is connected with the gaa- 
prodncer, and the air- re generator with the atmosphere, whilst 
the products of combustion pass through the exilrregene- 
rators to the chimney. The heating-chamber d. Fig. 133,' 
is placed above the regenerators, and there are two seta of 
ports leading from it to the two pairs of regenerators. 

The currents of the gas and the air meet for combustion 
at their esits from the regenerator. They may be inclined 
toward each other, and may meet in a mixing or combustion- 
chamber before entering the furnace ; and if, at the same 
time, the air be admitted in sufficient quantity, a complete 
combustion is obtained, with a short flame, and a great 
degree of heat at the entrance. For long furnaces, like 
glass furnaces, where the flame is required to be pro- 
longed, the currents of gas and an- are delivered in parallel 
directions, so that the misturo takes place gradually, and 
the combustion is not completed until the elements have 
advanced to some distance from the origin. And again, 
if the quantity of air be suf&ciently restricted, combustion 
and flame may be prolonged over the whole ostent of the 
hearth. The gas and the air may also bo delivered at 
different levels. K the gas be the lower current, it rises by 
its superior levity, and burns rapidly with the air. Thus, 
the length of the flame may be raised from 2 feet or 2 feet 
6 inches, for melting crucible steel, to SO feet as in large 
glass fnrnaces. When the mixing chamber is sappressed, 
the air is delivered by the upper opening and spreads like a 
« 3 
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sheet under the roof; and the gas, arriving from below, 
grodaally nscetids, mixes, and inflames ; whilst the material 
on the hearth is protected against oxidation by air in contact. 

Tlie flaucFj descend through tha regenerators for aboot s 
fourth of their depth, and tho temperature in the npper 
region is of course equal to that of the flames. The products 
of combastion sboatd never, if possible, leave the regenerator 
at a temperature higher than 410° Fahr. When the capacity of 
the regenomtor is sufGdent, the temperature of the deporting 
gases need not exceed 21 2" Fahr. Dy a damper in the flue 
the chimney, the force uf the draught is controlled. 

Tho chimney is conittrncted with a diameter of from 
inches to 40 incites, and a height of from SO feet to G6 ft 
It is sufficient for the service of several fitruaces ; and it is 
pnt in requisition for supplying nn active draught for iigbting 
the furnaces, and getting np the temperatures : for this 
pose a temporary fire is lighted at tbo buHe of the chi 
The sectional area is proportioned to give from 30 to 
eqanre inches per ton of coat eousumed in 2i hours. 

QsHERjiTioN AKD Distribution o? the Heat or the ] 

^L An exhaustive analysis of the performance of tho Siemei 
'■Gas-furnaces at the Glass- works, Saint-Gobin, has 
entered into by M. Kraus,* from which the following abstp 
is derived. 

The system of Dr, Siemens is there applied to the furnace 
for melting glass. The following description and onalyg 
have reference to one of these furnaces. 

The chamber to be heated is 28 feet long, 11} feet wiii 
and 6'GG feet high inside to the crown of the arch overhead 
— making a volume of, say, 1,412 cubic feet. It oontail 
it ik Chaleur Kf gfnfiree," i 
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20 melting-pots, weighing 440 lbs. each, and holding 
770 lbs. of material ; say, in all 8,800 pounds of pottery, and 
15,400 pounds of material to be melted. This furnace, 
previously to the employment of the Siemens system, con- 
sumed 12 tons of coal in 24 hours, holding the same charges. 

There are five generators in the open air, four of which 
are kept in action, and are sufficient for keeping up the 
supply of heat to the furnace. The step-grate is inclined at 
an angle of 50°. The brick slope is about 5 feet long, 
nearly one-half longer than the grate, which is 8*61 feet 
in length. The bars are hollow and kept cool by a current 
of water. The floor of the gazogene is 8 '20 feet below 
the surface of the ground, and the charging box is 20 or 
24 inches above the level. The air is admitted between five 
bars only, within a vertical height of about 18 inches. The 
average width is 6 feet, and the area is (6 x 1*5 =) 9 
square feet of open grate for one furnace ; or, for four fur- 
naces, 86 square feet. The quantity of coal consumed is 
7 tons in 24 hours, and the area for admission of air amounts 
to 4f square feet per ton consumed per hour, being about 
20 lbs. of coal per square foot per hour : — a rate of consump- 
tion which answers very well. The fuel consists of a 
mixture of one-fourth of dry coal or of coke, and three- 
fourths of richly bituminous coal from Anzin. The gene- 
rators act quietly, the gas is thick and plentiful, and under 
good pressure. 

Passing from the generator, the gas travels along a hori- 
zontal passage, whence it rises into a chimney or vertical 
passage 23 feet high ; thence into the cooling tube, 8 feet 
9 inches in diameter, and 26 feet 8 inches long, from which 
it descends by a chimney similar and parallel to the first, 
for a depth of 29 feet 6 inches, into an underground passage 
towards the valves. All these passages are easily accessible 
by doorways, through which they may be cleaned with 
promptitude. The underground passage is 8-28 feet by 
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S'U feet, and is 197 feet iu length np to the %-alves ; it ia al 
k levol of from 16 to 18 inches below the grate of the gene- 
rator. The vttlveB aro circnlar, 24 inches in diameter. The 
pnasago to the legeaomtors is 24 inches high, and 32 incbee 
\ndo. 

The brick chambers, or regenerators, aro 8*28 feet widsi 
and 7-88 feet high, and 11-48 feet long ; making a capacity 
of 278 cQbic feet. The bricks aro laid in 12 tiei-s, and they 
are uniformly traversed by the gasoa. The chimney is near 
the genoratora, and ia placed 197 feet from the fumaoeB. 
It is 8-28 feet square, and stands 49 feet high. The gases 
are discharged into it by a flue 8-28 feet by S-44 feet, fitted 
with a damper. The area of admission into the chimney is 
from itb to !rtb of the section of the flae. Under these 
conditions, the furnace works advantageously. The temper- 
ature in the furnace is very high and very regular ; whilst 
tho temperature in the chimney is very low. The economy 
of combostible eflected by the introduction of the regenera- 
tive furnaces amounts to 42 per cent. 

Iu Ibe following calculation, it is assumed that the spi 
heats are constant. The sense of the calculations would 
be materially affected, if the actual specific heats at 
temperatures were known and taken into account. 



I 



Fbencu and Ekolisq Meabcoeb. 
1 Eilogramme , . . , 2-20S Iba, 

1 Tonno 0-9B42 ton. 

1* Centigrade .... !'•* Pahrealteit. 
Tamperatuto hy Centigrado, equal to (tamporatore by 

Fahrenheit — 32) X 3- 
Tempartttiira by Falu'eiiiieit, eqiml to (temperature by 

Centigrado X S) + 32. 
1 Calorie 3*968 English hoat-uniti. 



nera- 

1 



The fuel SQppiied to the generators, from which the 
following analyses were made, consisted of a mixture of jtbs 
of bituminous coal, and Jth of dry coal, Water was not 
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supplied to the generator. The compositioii of the gases 
produced was as follows : — 



Carbonic Oxide . 
Hydrogen . 
Carburetted Hydrogen 

Carbonic Add 
Nitrogen . . • . 




4-2 
61 



2) 

•2i 



34-6 Combustible 



65*4 Non-Combustible 



100*0 1000 



Here may be added, parenthetically, the composition of 
the combustible gases according to M. Boistel, in a paper 
read by him to the " Societe des Ingenieurs Civils," in 
1867 :— 

Percent. 
Carbonic Oxide . . . 21Jto24 



Carbonic Acid 
Nitrogen 
Hydrogen . 
Hydro-carbons 



4 to 6 

60 to 64 

6*2 to 9*5 

1-3 to 2-6 

100 



Multiplying the quantities given by M. Eraus by the 
respective densities of the gases, the composition by weight 
is obtained : — 









Spedfio 




^ 


Volumes. 


density^ Weights. 


Peroent. 


Carbonic Oxide . 


24*2 


X 


*9674 — 23*639 


or 26*89 


Hydrogen . 


8-2 


X 


•0692 = -567 


„ -62 


Carburetted Hydrogen 


2-2 


X 


•6527 = 1-216 


„ 1-33 


Carbonic Acid . 


4*2 


X 


1-6290 = 6*421 


„ 7-04 


Nitrogen . 


61*2 


X 


*9713 = 69*444 


„ 65-12 




1000 


X 


•9128 = 91*277 


or 10000 



The three combustible gases together amount to 27*84 per 
cent., and the two non-combustible gases to 72*16 per cent. 
A small quantity of aqueous vapour is mixed with these 
gases, and is condensed. From the composition of the 
gases, the average composition of the coal is deduced, as 
follows, omitting the ash : — 



yoo 



fuels: their combustion and" Ecosm 



I The quiuttities of gas produced per 100 kilogramraea a 



CuboQ . 

Hydrogen 
Nitrogen, &c. 



Cnrbonic! Oxido . 
Carbonic Add . 
Carburottod H y drogeu 
Hydrogon . 
Nitrognn . 



155-87 
42-39 
802 
37* 
S92-lfi 
602-17 



: with I 



The water condensed ia the ptissagee, togethi 
tars, soot, &c., nmouuted to 8-70 kilogrammeB. 

To find the total capacity for heat of these proilucts, 
multiply them respectively by their specific heats : — 





CarbomoOxidu . . 


165-87 X 


■2479 


= aaoe 


Carbonic Acid . 


42'39 X 


-216* 


= 9-17 


Carbnrettod Hydrogon 


6-02 X 


■5929 


= 4-79 


Hydrogen . 


3-7i X 


3-4046 


= 12-73 


Nitrogrn . 


392-ia X 


■2*40 


=: 96-68 




602-17 X 


■2073 


= 161-00 



Showing that the specifio heat of the gases, taken togeth^ 
is '2673, and that tho 602 kilogi-ammea of gases prodnod) 
from 100 kilogrammes of the fuel absorb 161 calories fi)f 
each degree of temperature. 

The i^nautity of air necessary to hum these 602 kilo- 
grammes of gases, allowing a aiuplus of 2U per cent, over the 
quantity choinioally consumed in forming carbonic acid and 
aqueous vapour with the carbon and hydrogen respectively, 
amounts, according to M. Kraus, to 788-69 kilogrammes, 
comprising 181-31 kilogrammes of oxygen and 607'38 kilo- 
grammes of nitrogen. Tho volume of this quantity of a. 
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62° Fahr., at the rate of 18-14 cubic feet per pound weight, 
or 28*97 cubic feet per kilogramme, is 22,850 cubic feet. 
The volume of the 602 kilogrammes of gases as produced, is 
equal to (602-17 -j- -9128 x 28-97 =) 19,110 cubic feet at 
62° Fahr. 

The total capacity for heat of this quantity of air, of which 
the specific heat is -238, is equal to (788-69 X -238 =) 
187*76 calories per 1° C. of temperature. 

By the conversion of the carbon into carbonic oxide and 
acid, and of a part of the hydrogen into water, there are 
generated 273,584 calories, or French heat-units j thus : — 

KilogTammes. Calories. 

66-803 Carbon into Carbonic Oxide . . 165,671 

11-560 „ „ Acid . . 93,405 

•421 Hydrogen into Water . . . 14,568 

273,584 (a) 

The total heating power of 100 kilogrammes of <;oal 
amounts to 862,961 calories : — 

Calories. 

84-38 Carbon into Carbonic Acid . . . 681,790 

6*17 Hydrogen into Water .... 181,171 

862,961 (b) 

Dividing the quantity A, the heat disengaged in the 
generator, by the quantity B, the whole heat of combustion, 
it is found that the former is 31-7 per cent, of the latter. 

Heat disengaged by the complete conversion of the gases in 
the Furnace. — Dr. Siemens allows 20 per cent, excess of air 
in the furnace above that which is chemically consumed in 
combustion. The gases of 100 kilogrammes of coal yield, in 
burning, 587,391 calories, thus : — 

Kilogrammes. Cq^ories. 

155*874 Carbonic Oxide into Carbonic Acid . 374,098 
8*023 Carburetted Hydrogen into Carbonic 

Add and Water .... 104,804 

3741 Hydrogen into Water . . . 108.489 

687,391 



r 
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The products of combaBtion, including 20 per cent, eieeis 
of air, ore — 

EilogTumDefl' 

^m Carliomc Acid a09-393 

^L WatoT 47'206 

^B Nitrogen g99'627 

^^p Atmoaphcrit^ Oiygen .... 30'218 



I 



Of vUicb the capacity for hent is found by multiplying the 
items respectively by their epecifio heats : — 







Carbonic Acid . 


309393 X -2194 = 6a!3fi2 


WatOT . 


47-20a X -ITfiO = 22-WO 


Nitrogen . . 


8B9-62T X ■mo =2*3aas 


Oxygen . . 


30-318 X ■218a = 6'B8S 




1388-313 X -aiBa =330-843 



That ia to say, the products of combustion absorb 389-646 
units of hont for 1° C, of tomporaturo, and the rise of tem- 
perature by combustion therefore amounts to f ' - = I 
1738° C, equivalent to 3128" Fahr. 

Distributwn of (he Heal, — For the purpose of estimating 
the distribution of the heat produced, M. Kraus analyses tha 
perfonuaneo of tho heating-furnaces at the Souglacd iron- 
works, in the department of I'AiBne, France, constructed on 
the Siemens Byatcni. This furnace heats 1-1 piles of iron, 
weighing 50 kilogrammes, or 110 lbs. each. From a quan- 
tity of iron equal to 9,000 kilogrammes, or about 9 tons, 
heated in this fumaoe, fi.COO kilogrammes, or about 5-6 tons 
of blooms, exclusive of ends and wasters, wore produced for 
the manufacture of plates. The quantity of Charieroi colli 
consumed was 2,000 kilogrammes, or about 2 tons per day 
of 2i hours — at the rate of 4-44 cwt. per ton of iron heatf ' 
It is assumed that the composition of tho gases is the sai 
as that of the gases at Saint Gobain. 

The 2,000 kilogrammes of coal contain 10 per cent. 
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Hsh; leaving 1,800 kilogrammes of net coal. The valves 
were reversed every half-hoar; and m each interval 
37^ kilogrammes of coal were consumed, developing 
(587,391 -;-37-5=) 220,272 calorieB. 

Loss by Ike Chimnei/. — SuppOBO that the temperature in 
the chimney be taken at 100° C, or 212' Fahr., which is 
easUy obtained. The burnt gases of 100 kilogiammea of 
coal, weighing 1,886 kilogrammes, have a capacity fot 
339'85 calories per 1° C, and for 37^ kilogrammea of 
coal, the gases, weighing 520 kilogrammes, have a capacity 
for 127-50 calories per 1" C. For 100° C, the total heat 
carried off would amount to (127-500 x 100 =) 12,760 
calories. If the gases be not cooled below 200° C., they 
would carry off 25,500 calories by the chimney. Allow thai 
the actual loss amounts to, say, 25,000 calories. 

Loss by transmission through the Wttlls of the Regenerator. -~- 
M. I^aus assumes that the gases leave the furnace at the 
temperature of the welding-heat of iron, which ho takes ai 
1,600 C, or 2,912° Fahr. His calculation, in which ho 
employs the formulas of MM. Dulong and Petit, conducts 
him to the conclusion that the loss of heat by radiation and 
conduction through the walls amounts to 27,750 calories 
for each hali'-hour. 

Quantity of Heat absorbed by the Iron. — To heat 9,000 
kilogrammes of iron to, say, 1,600 C, or 2,900° Fahr., in 
24 hours : the specific heat is '185, and the heat thnB 
absorbed is {9,000 x 1,600° -^ -185 =) 2,66i,000 caloriea 
in 24 hoars, or 55,500 caloriea in each half-hour.' 

Quantity of Heat lodged in Ike Furnace. — To maintain 
the necessary temperature, and compensate for losses by 
transmission throagh the enclosure, the heat required 

• IL KraviB asaumed for calculation the ordinarily aBsigned speiaflc 
boat of iron, -lU ; but M. Pouaird has shown good reason for adopt- 
ing the yaluB -18.5 (or very high teraperaturos, and this value ie 
ployed in the text. 
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ia 11S,7QG calories, an atoouut whicli is obtained hy A 
ferenee. 

SuutiHT OP THE DiBTKinmox or mm But or 37} Kaoaaj 
or Coal. 

Clio 

Fot tho converaon of the fuel into ga* . 102, 

Calories. Per cent. 
Ldh bj chimney . IS.COO or 7-7 

ijOHthn>u^watleDtRog«iieratoT27,7S0 or 86 
Atwurbixl by the iron . , 65,600 or 16-5 
Lodged in tlio fumnro nnd loss 

tUiro'igh wriliB 1 12.766 OT 35-5 221.016 or 68 j^ 

823,609 or 1IU^| 
Tbu not Lent utilised in beating the iron is sliown |^| 
amount to 10^ per cent, of the total heat of combnstion, or 
to 25 per cent, of the heat which is generated in the furnace. 

Quiiinitij of Ileal intercepted by the Regeiieriilwa. — The bnml 
4,'aBeB, on leaving the furnace, have a temperature of l.GOO°C„ 
and carry ofl' (127-50 x 1,600=) 204,000 caiories in half 
an hour, In this oxpreaaion, 127-fiO ia the capacity for 
beat of tho burnt gases from 871 kilogrammea of coal. Of 
these 204,000 calories, tho chimney takes olT 25,000; the 
wulla of the regeneratora traversed by the flames take 
(27,750 -^ 2 =) 13,876; and the remainder, lfiu,126 
caloricB, are retained by the regenerators, and are available 
for beating the air and the gases approachiog the furnace. 
Supposing that the compBTtmeuts of the regenerator for gas 
and for air are of eqnal capacity, then, in each there are 
(105,125 -T- 2 =) 82,562 calories stored up. The quantity 
of the gases produced from S7^ kilogrammes of coal in 
<602 X 87-6 -i- 100 = ) 225-7S kilogrammes ; of which the 
capacity for beat ia (161 X 223-76 -f- 602 =) 60-38 imita 
per 1° C. of temperature. Then, tho gases aro raised, 
by the absorption of 82,562 calories, to the average tempera- 
ture (82,562 -^ 00-36 =) 1,367 C, or 2,492° Fabr. 

The capacity for beat of tha air necesBary to bum tha 
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gases, including 20 per cent, excess, was calculated to be 
187*76 calories per 1° C, per 100 kilogrammes of coal. 
For 37i lbs. it is (187-76 X 37i -^ 100), or (187-76 X 225-76 
-7- 602 =) 70-41 calories per 1 C. ; and the air is raised to 
the temperature (82,562 -f- 70*41 =) 1,172 C, or 2,109 Fahr. 
It is desirable that the air and the gas should be raised to 
the same temperature, and, for this object, the air-compart- 
ment is made larger than the gas-compartment. The mean 
temperature of the air and the gas, if heated to the same 

A ^ ^A I. 165,125 165,125 -o^o n 

degree, would be ^ ,^.33 ; ^q.,,) = 135:79= ''^' ^^ '' 

2,272 Fahr. 

The mixture of air and gas should, then, have a mean 
temperature of 1,262 C. before combustion. After com- 
bustion, the 165,125 calories are distributed amongst the 
burnt gases, of which the capacity for heat is a little less 
than that of the gases and the air together before combustion, 
being 127*50 instead of 130*79. The temperature given by the 
regenerator to the products of combustion is, therefore, 
(165,125 -f- 127-50 =) 1,295 C, or 2,363 Fahr., which 
are added to the temperature generated by combustion. 
The combustion of the gases produces 1728° C. of heat, and 
the sum of this and the heat supplied from the regenerator, 
namely, 1,295° C, is equal to 3,023° C, or 5,477° Fahr. 

Dr. Siemens recently stated,* with reference to the per- 
formance of the regenerative furnace, that a ton of iron could 
be heated to the welding point with a consumption of 7 cwts. 
of coal, — a quantity considerably greater than the quantity 
given by M. Kraus, page 352 ; and that a ton of steel could 
be melted with a consumption of 12 cwts. 

Dr. Siemens,! several years ago, made numerous applica- 

* In a lecture "On the Utilisation of Heat and other Material 
Forces,** delivered at Glasgow, March 4th, 1878 ; page 19. 

t In his paper on "A Steam Jet," in the Froceedingi of the InstUu' 
turn of Mechanical Engineers, 1872; page 109. 
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lions of a jet of steam, peculiarly designed for efficiency, 
arranged as a blower, drawing and forcing air for accelerat- 
ing tiie distillation of fael in his gas-producers. The 
blower is built into the side wall of the producer, and the 
combined current of air and steam delivered by it issues 
through an opening into the space underneath the grate, 
which is closed by doors. The small proportion of steam 
that enters together with the air is just sufficient to assist 
beneficially in the production of the combustible gas, by 
being converted into carbonic oxide and hydrogen. The 
advantages found to result from applying these blowers to 
gas-producers are, that coal-dust of the most inferior de- 
scription can be used, and that the production of gas in each 
producer, in consuming small fuel, is raised from 1^ tons to 
8 tons, in 24 hours. 



CHAPTER XXn. 

THE PONSARD GAS-FUENACE, WITH RECUPERATOR. 

The Ponsard gas-furnace, Figs. 185 to 138, like the Siemens 
furnace, recovers by means of a ** recuperator " a large pro- 
portion of the heat carried from the furnace by the burnt 
gases. Gazogenes of different forms are employed, according 
to the nature of the combustible. There are ordinary 
gazogenes, constructed with grates, in the manner already 
described, supplied with ordinary atmospheric air; and 
there are gazogenes which are supplied with heated air, — 
gazoghies surchauffes, — which are supplied with air previously 
heated by the recuperator.* 

The ** superheated gazogene " is very different in form 
from the ordinary gazogene : it has not any grate, the use 
of which, traversed by highly heated air, at a temperature 
of from 1,500° to 1,800° Fahr.; is impracticable, as an iron 
grate would be quickly destroyed by the heat of the air 
passing through it. The generator consists simply of a 
close rectangular chamber, below the surface of the ground, 
having a level floor, and arched over. It is supplied with 
fuel through a longitudinal opening from above, which is filled 
up until it blocks and closes the openings, so that there is 
no direct communication with the external air. The current 

* An excellent accoimt of the Ponsard furnace, contributed by 
M. Sylvaia P6riss6, is published in the " M^moires do la Society des 
Inggnieurs avils," 1874 ; page 752. 
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of boated air enters the chamber at one flask of the h 
fuDl, and traverses it, whiUt the gas which is generated: 




this means passes of!' through a pnsgdge from the other flanl^ 
of the heap. Ash and slag settle down on the floor ef 
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ehftmbor and are cleared out from time to tmie by doorways 
in the sidoa of the chamber which are nsnallj clo ed up 

The lecaperator la constructed of trebnck A rectan- 
gular chamber is divided by n, number of \ ert cal dnphragma 
into compartments occupied altomatelj by the burnt gases 
and the an for the fama e The heat of the gasea 
side passes htorally throa^h the d iphragm to Ihi 
the other side ind that the air maj freelj circulate from 
one eorapartmDut to another the air ompartmcnts are con- 
nected by numerous hollowed briclvs through whi h the 
currents may pass and which eerso at the tar 
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increase the heating surface and conseqnentl} also the con 
pactnes and e&ciency of the apparitus In the figures it 
shown that the hot burnt gases enter the recuperator at the 
upper ptit descend throuf;h th compaitments I i &.e and 
pass oat at the lower part towards the ch mney whilst, 
on the contrarj the cold air enters at the lower part psssee 
upwards through the compartmenta ( ic and passes out 
at the upjer part By this airang ment each of the stratar 
or Bheote of air is en losed between two envelopes of hoi: 
gas, and absorbs heat continuously trom the hi ck diaphragma 
between which it 13 enclobed for the whole h ight of the 
traverse The transverse or bondmg bricks as thej may be 
called are so alternated vertically as well is Jaterallj that 
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they do not interfere with euch variable expansioii andl 
trftciioa aa may be broagbt into play, and ore tbereloH 
lees likely to cause dialocation. The admission of Uu ■ 
the reonperator is regulated by a damper. 

The hot gases, in desceoding, natorally occupy ii 
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llirODgh Bsa9^ 



poiiion of the space into which they enter, and thrc 
which they pass. This ia a pccnliarity of n desoeni 
enrrent, — to bo fi>uml also in the Siemens regeneral 
'whilst, again, the ascending air, expanding as it goes, na 
ally, though by another kind of effort, occupies every por 
of the paasRgo through which it ascends. ;| 
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Fben it ia required to divide the supply of air, so aa to 
V off a portion of it for the supply of the gazogene, the 
rent may readily be split, by building up a solid iron 
^tioQ in each air-space at right angles to the diaphragms. 
A Beparated current, controlleii by a damper, may thus be 
S off apart from the main body of the current of air dea- 
led for the supply of the furnace. There are, iu this c 
two diatinct recuperators within one chamber. 

A recuperator constructed of bricks of the ordinary sizes, , 
preaenta a total surface of 190 Bquare feet per cubic yard of 
Tolume, calculated from outside dimensiona ; of which one 
h alf is employed in cooling the burnt gasea, and the other 
half in heating the air. The weight per cubic yard is about 
1,500 pounda, and the cost ia 60s, per onbio yard, whea 
bricks cost is. id, per cwt. The bricks are formed w 
grooves to receive the fire-clay with which the joints 
made, and to insure air-tight jointing. But leakagea, wl 
they do happen, are hanulesS for dspbeiofi, eiuae the de- 
ments in presence of each other are sot esplodible. ] 
tme, nevertheless, that in the construction of the recuperator 
a greater degree of care is required than in that of the 
regenerator. 

M. P^risae deduces from the results of hia observations 
that the conductibility of fire-brick augments with the tem- 
perature. By numerous csperimenta with a water pyrometer, 
he baa tested the temperature through which the aia 
raised, in passing through the recuperator, and he finds that 
it ranges between 1,000° and 1,100° C, or 1,800° and 
2,000° Fahr. 

Laboratory. — This ia the name given by M. Ponsard to the" 
eombustion -chamber, which ia placed above the levels of the 
gazogene and the recuperator. The gas and the heated ait 
arrive, therefore, in the laboratory, with an ascensional force 
of about a fifth of an inch, more or less, and do not depend 
upon any mechanical means of creating a draught. The ccm- 
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bostioa 18, tben, oflfected under pressure , and the rektii 
proporliona of the air dnd the gaa, as well ae the regulali 
of the draught, are reflated by means of three damperC 
two of whiob control tho elements, and tbo third is placed 
at the hase of the ohimaey The operation of tbo farnace 
IS continnOBS The com- 





The excess of atn 
opheriL air required i 
etfeiting complete c 
bustiou m the fumao* 
it la eatimated, need not* 
exceed 10 per cent hy 
ivoight of the products 
of combustion 

Ponmrd Furnace al 
the Batacle Fotge, Tou 
louse — ThiB furnace waa 
constructed for healing, 
to n welding heat, piles 

of old iron, for themano 

facture of hoop 
■wheel-tyres, and the like. The pileB, weighing from 100 Ibi 
to 180 lbs. each, are welded, and each pile is rolled i 
fwo billets from 20 to 80 inches in length. The bill 
are reheated in the furnace and then rolled into mer 

Previously to the eni^Ao^meTiVo^ ttePonsard furnace, whi^ 



^^P THE PONSARD OAS-FURSACE. 363 fl 

was started in October, 1872, tlie work of the forge was done B 
with two ordinary furnaces, having a maximam width of V 
4 feet 7 inches, and a length of 7 feet lOi inches, with a fl 
square fire-grate having 8'7 square feet of area. These hava ■ 
been superseded by the Ponsard furnace, which alone pro- I 
duces 30 per cent, more iron than the other two together. * 
The hearth of the new furnace is 6'56 feet wide and 10^ feet 
long. There are two charging doorways, of which the 
doorway farther from the gazogene is used for receiving the 
piles ; the piles are afterwards moved up towards the second 
doorway, by which they are taken out of the furnace. "^The 
billets are always introduced cold by the nearer door ; 
they arrive at a welding-heat in from ten to twenty minutes, 
according to size, whilst the piles are being heated opposite 
the farther door. 

There is one gazogene, of the ordinary construction, 
BHpplied with Decazeville coal of the size of hazel-nnta 
ipetites noisette), of which the constituents by destructive 
distdlatiou, after having been desiccated at 230° Fahr., are 
as follows : — 



P 



The recuperator has a total volume of 381 cubic feet, 
14 cubic yards ; with a total heating surface of 1,354 square 
feet. The weight of special bricks amounts to 9:^ tons, 
oqnivalent to 1,480 iba. per cubic yard. The heatiug 
surface amounts to 97 square feet per cubic yard, and 
much for the coaling of the burnt gases. 

The quantity of iron charged into the farnace during a, 
given fortnight of uniform work — under unusually favour- 
able conditions— amounted to above 20 tons in the 24 
hours. During the fortnight previous to making a thoiong] 
a 2 
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repiur of the refuperator, when it was ont of order, the 
qaantity charged did not exceed 15 tons in tho 24 hours. 

of the month of May, 1874, was 119-60 tona, of which 
5«-10 toni wore conBumed by day and 61'50 tona by night. 
On Sundays, the fire was slackened, ae the furnace was cot 
at work. For six days in the week, the fuel was consumed 
at the rate of 4'20 tons; for the 24 hours of Sunday the 
rate was only 1-70 tons. For the whole week of seven 

for Iho fortnight's performance wkeady noticed, at the rate 
of 408 pounds, or 4-41 cwt., per ton of iron charged. 

To compare with this performance, it may he stated that 

of coa! aa tho Ponsard furoace does now, whilst the new 
furnace produces about 80 per cent, more iron than the two 
old ones together. Tho reaulting economy of combustible, 
therefore, amounts to about 60 per cent. ; besides, the coal 
formerly consumed was from Carmaui, a dearer coal thn 
the Decazevillo coal. 1 
The average rosalts of the comparative performances a 
the Ponaard and the old furnaces are thus summarised by 
M. P^legry ;— 


1 

1 






Punstrd 
fomnoo. 


Two old 




Iran charged into the fiunace in 3i boare 

ProductiOD per month of 24 working ) 

days, in piieB anbjected to two heuta | 

(mizLure of DecHzeviQe and Cannanx l 
W the old fatnaoeB) ) 

Coal, per tonne, per heat 

Coal, per ton, per heat j 


17 tonnes 
200 do. 

120 do. 

6I!2 Iba. 
672 lbs. nr 


12'6 tonnes 
ISO do. 

180 do. 

1,3-23 Iba. 
1,341 Iba. ot 

12 DWt. 


1 


^uEere an economy of SO per eent. is exhibited, Seventees 


1 
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moutbs after the Ponsard furuace was started, the recupera- 
tor was, for the first time, entirely reliuilt. The cooling- 
down and the relighting of the recuperator occupied 4 days 
each, and the total time during which the furnace was off: 
duty for this repair was 15 days. M. Pelegry eBiimateS 
that the furnace must be stopped for repair 16 days every 
quarter. The grate is cleaned every 12 hi 
tempetature in the gazogene is preferred, as i 
production of the fiirnaoe, and the oonaumption of fuel per 
ton 18 lees. The recuperator is cleaned out every week : the 
gftH-flues are cleared every 12 hours. The cleaning is easily 
done, through cleaning- doors conveniently placed. 

FoNSAitD Furnace, Scpeehbatdjo, at Tieux-Cohd^ (Nord). 

This famace has been in operation since July, 1878, 
It is at work from 6 a.m. to 6.30 p.m. every day, 
except Sundays, for reheating bar-iron used for the manu- 
facture of nuts and other small forginga. During the re- 
maining 8 hours of rest, out of the 24, the gazogene is 
kept alight by receiving a double charge, wtilst the three 
dampers are closed until 8 a.m., when the stoker arrives, 
and restores the furnace to good working order by 6 a.m. 
The hearth of the furnace is 28 inches wide, and 6 feet 
4 inches long. The gazogene is 3'28 feet wide. The recu- 
perator baa a volume of 124 cubic feet, or 4'S7 cubic yards, 
with 3-20 tons of special bricks, weighing 1,568 lbs. per 
cubic yard. The heating surface for the entering air ia 
480 square feet, and there is an equal surface for receiving 
the heat from the burnt gases. There is 94 square feet of 
surface, on each side, per cubic yard of the recuperator. 

The work of the furnace varies, but it consists chiefly 
in heating 10 bars at a time, for the manufacture of nuts for 
bolts of from ,^„ inch to 1 ,*„ inches in diameter. These 
bars are from 8 feet to 10 feet long : they are withdrawn, 
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* one at a time, frcim the fiu'cace, and taken at a white 
heat to the puDchmg machine. They are reheated fk 
times before they are exhausted. Cold bars l'S6 inch hj 
1 incli are heated to a white heat Id Si minutes ; and bars 
1'2 inches by -80 inch are similarly heated in 2 minntes 
40 BecondB. These smaller bars are heated np from a red 
heat in 2 minates 10 seconds. From 2 to 2^ tons of natB of 
nvemge size, corresponding to 10,000 or 12,000 in unmber, 
are mauuCactarcd per day of 11 hoars. With the old furnace, 
oidy 1'67 tons per day were turned out. 

At the Punsard furnace, from 2,400 lbs. to 2,600 lbs. at J 
biluminoas coal wore consumed per day, containing 24 pei 1 
cent, of ash. The old furnace consumed twice as much per | 
day, of the same coal ; and the boat of the burnt gftsoa was 
employed to generate steam in an old boiler, sufficient to 
supply an engine of 12-hor3e power. The burnt gases from 
the Ponsard furnace are hot enough to be utilised in heatiug 
a Field boiier, which it was designed to put down. From 
the following comparative atatement of the consumption of 
fuel, it appears that there is a clear saving of 50 per ceni 
for given weights of screws turned ont ; — 

^K Old FuKNitcB. 

^^H Cool per day 

^^^B Deduct for supplying IS-horse power, nt 6*6'2 lbs. 
^^^^ per hour per hone power, for 1 1 hours 

^^^B BsJbDRe for I'ST tons of screws .... 4081 I 

^^^M Or, per ton of screws 

^^^V FONSAKD FiritMCE. 

^^M Coal per day, for 216 tons of screws 

^^V Or, per tan irf screws 

It is estimated that the waste of iron has been redu 
from 6 per cent, by the old furnace, to from 2 to 8 per a 
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The grate is cleaned Uiree times a dny. The recuperator 
s cleaned every 15 days, or every mouth. 



PoNS.iBD FdBSACBS, AT SaN GlOVANNl, IN THE VaL d'ABHO' 

(Tuscany). 

The fuel used in these furnaces is exclusively lignite, con- 
taining, when mined, from 40 to 50 per cent, of water. 
When air-dried, it loses about one-half of the water. In its 
ordinary condition for use, large and small, it containK 
&om 20 to 25 per cent, of water, and 15 per cent, of axil. 

The reheating furnaces to which the Ponaard principle i 
applied, have rectangular hearths, 4 feet 9 inches wide, andij 
9 feet 10 inches long, with two doors. TLe recuperator hav 
a volume of 295 cubic feet, or 10-92 cuhia yards, and »■ 
heating surface of 1,032 square feet, or 94 square feet p 
cubic yard. It weighs 7-4 tons, or 1,954 lbs. per cubi? 
yard. The area of grate for each gazogene is 2S'4 square 
feet ; and for each grate from 6'70 to 6'90 tons of tignita 
are consumed per day of 24 hours, being at the rate of aboai 
22 lbs. per square foot of grate per hour. 

The production depends on the hygrometrio condition ot 
the fuel, and the time during which the generator has been 
lighted. It is absolutely indispensable that the furnaceS' 
should be lighted 12 hours before the iron ta ebargod. It i$ 
better to wait even 18 or 24 hours. The production does 
not airive at its maximum until 6 or 6 days after the fire ig? 
lit, and even longer, if the lignite be not very dry. Ott 
several days during the winter of 1873-74, the ligniti 
supplied for the furnaces contained 50 per cent., or mo: 
water. With snch fuel, the prodnctJon did not amount i( 
more than 3 or 8J tons of iron in 12 hours ; whilst it easUj 
reached 5 or 5^ tons per day, when the fuel did not conttan 
more than 20 or 26 per cent, of water. 
^K According to the results of an observation made oi 
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inflaeoce of the length of time Bince Hghtiog the fomace, 
the raU of prodaction, one of the fumacee, anei havii^ 
be6D alight 12 hours, produced S,78S lbs. of round merchant 
iron in 12 hours. Five dajs later, the production in U 
BRiDO lime was increaaeil to 7,861 lbs. of round iron, pli 
2,108 lbs. of fiat iron; in aU, 9.5S9 lbs. Two dap sl^ 
later, the furnace produced 11,607 lbs. of flat iron; t 
fonr days after that, 13,631 lbs. Nest day the fire was ] 
oat, and rulighlod ten days afterwards. After it had b< 
again alight fur 12 hours, the production only amounted 
7,478 lbs. 

The waste of iron forms a higher per-centage when t^ 
production is lower. For instance, on the first day abov4 
mentioned, the waste amounted to 26 per cent. ; that ig, 
126 lbs. of puddled iron were required for the prodactic 
100 lbs. of finished iron. Four days later, it was reduced to 
D per cent. 

It appears tbat the quality of Iron treated in the lignite 
fnrnaces is much improved by the process. The flame is 
constantly free from oxygen. This freedom from oxygen 
has lieen proved by the melting of copper without oxidation. 
The osidation of the iron is due entirely to the presence of 
aqueous vapour in the lignite-gases, which is decomposed. 

During an exceptionally good day's work, in the niann- 
facture of bars about H inch by ^ iuch thick, 81-80 tons 
were charged, in the two furnaces, and 29-67 tons were 
produced. The fuel consumed amounted to 11^ cwt. per ton 
charged, and to 1'2 cwt. per ton produced. These were 
minimnm consumptions. The consumption of fuel is rapidly 
augmented when the proportion of water is increased. 

Fiuldliti/j Furnaeeg.- — The Ponsard system is applied also 
to paddling furnaces at San Giovanni. Lignite very well 
dried is required for these furnaces. When the fuel holds 
40 or CO per cent, of water, it is impossible to obtain a tem- 
perature sufficiently high to properly reduce the iron. The 
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Bcoria remains pasty, and is mixed with the iron. The pro- 
duction of a paddling furnace averages 2 tons in 24 hours. 

M. Perisse adds, in 1875,* that at the iron-works of 
MM. Harel & Co., at Pont-Eveque, a puddling furnace pro- 
duces from 14 to 20 tons of rolled iron in the 24 hours, 
with the consumption of from 4 cwt. to 4*43 cwt. of coal 
per ton ; whilst, for the same production, the ordinary 
furnaces consume from 10 cwt. to 12 cwt. per ton. The 
immediate economy, irrespective of the utilisation of heat for 
generating steam, amounts to upwards of 60 per cent. 

Steel-heating Furnace, — M. Perisse adds that at the works 
at Seraing, the consumption of fuel for heating steel ingots 
for the manufacture of rails amounts to from 8*2 to 8*4 cwt., 
consisting of from 80 to 85 per cent, of coal, and from 
16 to 20 per cent, of cinders. 

Comhustihle Gases generated in the Ponsard Fwnace, — M. 
Ponsard gives a comparative table showing approximately 
the composition of the combustible gases generated from 
various coals in his producers, averaged from several series of 
observations, under varying conditions : — 



Ponsard Gazogenes. — Combustible Gases. 



Products of the 
Gazogene. 


I. 


II. 


lU. 


IV. 


V. 


Observations. 


Carbonic oxide . . 
Carbonic acid . . 
Nitrogen. . . . 
Hydrogen and | 
Hy^-o-carbons j 


percent 
21-0 
6-0 
610 

120 


percent 
250 
40 
600 

11-0 


per cent 
22-5 
4-5 
570 

16-0 


per cent 
22-0 
4-4 
52-0 

21-6 


per cent 
24-0 
40 
550 

17-0 


Calculated. 
By difference. 


By volume . . 


1000 


100-0 


100-0 


100-0 


1000 





The values in the first and second lines are found directly 
by analysis on Orsat's method ; for the third line, nitrogen, 

* " Memoires de la Soci^te des Ingenieurs Civils," 1875 ; page 292. 
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the oxygen required to form the oxide and acid in the fitat I 
and second lines, was in the firat place calculated. Then fu 
ibe three columns I., II., III., correBponding to ordinary 1 
gazogenes, half the oxygen found in the coals was il^- 
ducted ; the other half being assumed to be in combination 
with hydrogen. For the Analysis IH., the oxygen supplied 
by the ?fater evaporated under the grate is also deducted. 
In Analyses IV. and V., pertaining to superheated gazO'. 
genes, the whole of the oxygen found in the coal has been 
deducted, and also the oxygen in the steam introduced ii 
case IV. The amount of atmospheric oxygen having thn^ 
been ascertained, the quantities of nitrogen were easiljF' 
calculated. 

Id Analysis I. the coal used was of the nature of coking 
eoal ; it contained from to 18 per cent, of ash. Dednet- 
iiig ash, the coal, as pare coal, after having been desiccated 
at 280° Fnhr., yielded— 

Coke 7Bto81 

Volatile products 31 to IS 

100 100 

Cinders, representing about a fifth of the fuel, were: 
charged with the coal, The gazogene was fed with cold air^ 
and was worked very hot, — rather too lively, — owing I 
circumstances. 

In Analysis II. the charge consisted of Jths of bituminoi^ 
coal, of the type of gas-coal, and ^ths of cinders. Th« 
gazogene was supplied with cold air ; it was worked slowly, 
the temperature of the gases being 1,200° Fahr. 

In Analysis EEI., for an ordinaiy gazogene, t 
consisted of smithy coal, yielding 73 per cent, of coke, 
and 27 per cent, of volatile products. The coal contained 
20 per cent, of ash ; no cinders were added ; the gasetf 
escaped at the temperature 1,560° Fahr. Water was distri.' 
bated as spray below the grate. 
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In Analysis lY., for a superheated gazogene, working at 
the temperature of melting copper (1,996° Fahr.), supplied 
with air from the recuperator, containing a very small 
quantity of vapour, gas-coal was used, which yielded 
65 per cent, of coke, and 85 per cent, of volatile products. 
It contained from 15 to 20 per cent, of ash. 

In Analysis Y. the conditions were the same as the 
Analysis lY., except that the air was dry. 

Comparing IV. with Y., the effect of the addition of 
water to the air in lY. appears in the greater per-centage 
of hydrogen and its compounds ; and it appears also in com- 
paring I. and II, with III. The effect of quicker conver- 
^ sion, together with a smaller allowance of cinders, is seen 
by comparing I. with 11:-:— a less proportion of carbonic 
oxide, and a greater proportion of carbonic acid. 




Mb. W. Gorman, of Glftsgow, whose furnace for burniBg 
coal nnder steam-boilers has already been noticed, introduced 
hU "Heat-restoring Gas-furnace," about tbe year 1670, in 
the neighbourhood of Glasgow.* It is shown in vertical 
section, in Fig. 189. The gas producer is formed diSerently 
from others which have been described : baving a horizontal 
grate, surmounted by a deep square chamber, in which a bsU 
of coal to the depth of two feet is is combnstion. The contJ 
bustible gaa meets and mingles with the boated air for contJ 
bnstion, introduced at tbe entrance to tbe heating chambers 
Tbe " beat-restorer," employed for heating the air, is plaoe^ 
beneath tbe heating chamber. It cousists of a number ofl 
fire-clay pipes laid horizontally, through which tbe cold i^l 
circulates, and from which it absorbs the heat brought doiflB 
by the hot gases which traverse the pipes estemally, theuafl 
passing to tbe chimney. The bed of tbe furnace above illniM 
tratcd, is fij feet wide, and 7J foet long. In Buch a fumaoM 
employed for beating air, at tbe MoEHend iron-works, the prom 
duction of rolled iron required a surplus of SJ per cent. « 
iron charged ; whilst, with an ordinary furnace, the productitM 
requii'ed a surplus of ISJ per cent. At Coatbridge, the eotM 

* " On tbe HeBt-restoring' GaB-fnnuice " a paper by Mr, W. Gromu^H 
in the 2'i-miaetiima o/ the IinlituttoH of S«g\nmrt in SeotUtKi, ISTH 
p. 246. ^1 
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~~Bmnption of coal per ton of iron cliarged and heated, 
antoiinted to 8 80 per cent m the old furnaces, and to i 4< 
per cent m the gas furnace 

By the adoption of the principle of direct iranstuiBBioii 




heat in the furnace, from the hot gases to the entenng i 
through comparatively thin claj pipes, a considerable degree^ 
of "hKat restoring capacity is developed withia oompao 




CHAPTEE XXIV. 

WATEE^AS OENEIiATORS FOR HEATING PURPOSES. 

80HR years ago, Mr. Joshua Kidd introdnced n mode at 
gnBifyiDg fuel in conjunction with water. The fuel and watfit 
were completely ga§ified, and tho results obtained ' — ^^^ 
anffioiently onoonragiug to induce others, according to 5fe 
H. W. Davies, to work out the syBtem to a practical iaaaeA 
The fundamental principle of the generator described b; 
Mr. Bavies, ia that of the gazogene employed in mam 
fftcturing operations, A blast of air is propelled, by til 
indnctive action of el jet of Enperbeated steam, into a 
tbrough the fuel. Whilst the air is transformed iutd 
carbonic osidc and nitrogen, tho sleam is decomposed iuti 
its elements, hydrogen and oxygen ; and the oxygen i 
converted into carbonic oxide. The decomposition of t 
steam is complete, and the reanlting gaseous mixtnn 
consists entirely of carbonic oxide, hydrogen, nitrogen, a 
the inevitable propnrtion of carbonic acid. The supply g 
steam is generated in the fire-cbamber itself; and as ti 
whole apparatus is self-contained, tbe whole of the stea 
required for tho purpose of the blast can be utilised as fae] 
Bcoing that it is wholly transfonued in passing through t 
fire. This method of procedure,— the generation of watei 

" See an mtcollpnt paper by Jlr. 8. W. Davies, on " A new □ 
for producing cheap Heating Gm for Domestio and Manufaoturifl 
PurpMM," in tho Journal 0/ Ika Soeitty of Arti, April 12, 1878, j 
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gas — is substantially the same ae Dr. Siemens employed 
some years ago for the supply of air to his gazogem 

The generator of Mr. Daviea' apparatus consists of an 
upright cylinder of east-iroa or wronght-iron, resting 
opening into a smaller cylinder, containing the fuel which 
rests on a grate near the lower end of the cylinder. The 
bottom of the lower cylinder is air-tigbt, and the blast is 
delivered into it under the grate. The steam-generator 
consists of a coil of thick wrought-iron pipe, which is placed 
within the upper cylinder, and is supported by it. The 
lower end of the coil is protected from the direct heat by a 
coating of gannister. The two ends of the coil are turned 
out through the side of the cylinder ; the lower end being 
connected to a cistern or an accumulator under presBure, for 
the supply of water, and the upper end with a steam-pipe of 
smaller diameter, which is led down ontside the apparatus, 
and is terminated by a small steam-tap immediately in front 
of the blast-pipe. A hopper for the supply of fuel is adapted 
to the upper end of the upper cylinder ; and is fitted with a 
heavy gas-tight valve, by opening which at intervals, fnel Ib 
introduced into the generator. By another opening, the gas 
is conducted from the generator, and through a third open- 
ing, the state of the interior may be ascertained by inspection. 

The supply of water to the coil for conversion into steam 
in a self-acting manner, by means ofthe steam-tap, is regulated 
BO that the water is not only wholly evaporated, but is also 
superheated, in the upper part of the coil. The back pressure 
of the steam, prevented from escaping too rapidly, necessarily 
limits the space in the coil occupied by the water. An 
accumnlator 2 feet high, 9 inches in diameter, is sufficient, 
even with so high a pressure as 60 lbs. on the square inch, 
for the service of a generator yielding 4,000 cubic 
gases per hour. By a few strokes of the pump every quartei 
of an hour, the pressure was maintained, and the coil wag 

• Page 333 aiile. 



1 



terJ 
ragH 



376 



FUELS : THEIR COMBUSTION AND ECONOMY. 



supplied with water. The accnmulator consists simply of an 
upright cylindrical vessel, provided with a force-pump and a 
pressure-gauge, and containing air, by the compression of 
which the required pressure may be obtained. With a 
water-pressure of 15 lbs. per square inch in the accumu- 
lator, a gas -pressure of above 1 inch of water is obtained in 
the generator. With 40 lbs. pressure, the gas acquired a 
pressure of 2^ inches of water — a good working pressure. 

The composition of the gases produced in the generator, 
from peat-charcoal and coals, has been determined by analysis, 

as follows : — 

Composition of Gases. 



Fuel. 


Pressure of 
Water. 


CompoBition of Gases 
by vulume. 




Ibe. per square 
inch. 


per cent. 
CO . . 28-6 
H . . . 14-6 


Peat-charcoal 


15 lbs. 


COa . . 40 
N . . . 63-0 

100-2 






CO . . 22-6 






H . . . 10-0 


Anthracite 


15 lbs. 


CH4 . . 4-9 
COa •. . 4-5 

N . ". . 680 


1000 






CO . . 28-3 


Anthracite \ 
and steam- f 
coal (equal ( 
parts) . . / 


30 lbs. 


H . . . 9-3 
CH4 . . 6-2 
COa . . 6-2 
N . . . 61-3 

100-3 






CO . . 26-4 






H . . . 13-5 


Anthracite 


60 lbs. 

\ 


CH4 . . 1-4 
COa . . 3-9 
N . . . 64-8 

1000 

\ 
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The quantity of the mixed gases produced has been care- 
fully determined. The gas from the generator was passed 
through 100 feet of d-inch pipe, of which more than half was 
exposed in the open air ; and then passed through a large 
meter. Before it reached the meter, the temperature had 
been reduced to 60° or 70° Fahr. 

Quantity op Gas Produced per Pound op Fuel. 



1. Anthracite 

2. Anthracite and steam-coal (equal parts) . 

3. do. do. do. 

4. do. do. do. 

5. Anthracite 



Pressure of 
Water. 


Volume of 
Gas. 


lbs. per 

square inch. 

15 lbs. 


cubic feet. 
695 


20 „ 


85-2 


25 „ 


88-84 


30 „ 


94-5 


40 „ 


over 100 . 



It is shown that the quantity of gas produced increases 
with the pressure ; varying from 155,680 cubic feet to 
224,000 cubic feet per ton of coal. 

It appears from the results of very carefully conducted 
trials, when the gases were burnt in the open air, that the 
volume of this water-gas required to generate the same 
quantity of heat, is as 5 to 1 of ordinary coal-gas. The 
heat was measured by raising the temperature of a given 
weight of water through a given number of degrees. 

To deduce from this datum the comparative cost of water- 
gas and ordinary coal-gas : — With a No. 1 generator, an 
average quantity of 1,000 cubic feet of gas can be produced 
per hour, consuming 10 lbs. of coal. For the working day 
of 10 hours, the quantity of coal consumed would be about 
1 cwt. ; and the gas produced, 10,000 cubic feet. The cost 
of its production is estimated as follows : — 



1 cwt. anthracite 

Wages of attendant .... 

Common coal and wood, for lighting the fire 

Total cost . 



8. 


d. 


1 


1 


4 








2 



5 3 
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The cost for the equivalent of 2,000 cubic feet of ordinary 
gas is from Is. to Ss, But the saving is shown to be mnck 
greater, when larger quantities are generated. Thus, a No. 2 
generator consumes about 85 lbs. of coal per hour, and 
produces in that time 8,500 cubic feet of gas. To prodnce 
85,000 cubic feet of gas in 10 hours, the cost is as follows : 

«. d. 

3} cwt. anthracite 3 6 

Wages of attendant 4 

Common coals and wood, for lighting the fire . . 4 

Total cost . . 7 10 

The cost for the equivalent quantity of common gas, 
7,000 cubic feet, would be from 24«. 6d, to 28«., or more 
than three times as much as the cost for generator-gas. 



CHAPTER XXV. 

POWDERED FUEL. 

It appears that Mr. John Bourne was the first publicly to 
advocate, in his patent of 1857, the use of coal or other fuels 
in the form of dust, for the generation, of heat in furnaces. 
Aware that the more intimately and equally the mixture 
of fuel and the air for combustion can be effected and 
regulated ; and that, necessarily, the smaller the constituent 
particles of the fuel can be rendered, the more effectively 
and the more promptly can the desired mixture be accom- 
plished, he says, in the edition of his ** Treatise on the Steam 
Engine" published in 1861, page 358, **It appears to us 
that the fuel and the air must be fed in simultaneously, and 
the most feasible way of accomplishing this object seems to 
be in reducing the coal to dust, and blowing it into a chamber 
lined with fire-brick, so that the coal-dust may be ignited, 
by coming into contact with red-hot surfaces,'* &c. 

Mr. T. R. Crampton, as early as the year 1868, instituted 
a long course of experimental investigation into the best 
means of generating and appl3dng heat from the combus- 
tion of powdered coal. "It is not only necessary,'* says 
Mr. Crampton,* " to have the means of bringing together 
at will the proper equivalents of air and coal to insure perfect 
combustion ; but it is essential that the size of the coal 

* See a paper by Mr. Crampton " On the Combustion of Powdered 
Fuel," in the Journal of the Iron and Steel Institute^ 1873 ; page 91. 
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i be deUrmin^d, asd that it ehonld, daring its Sot&Uon 
throdgb Lbe fam&ce, be eo condacted that any overcharged 
And tioderchai^ed conents of ^r and coaJ should be con- 
^lully re-intermiied ontil the whole of the carbon ia 
CODmiD«d; otherwise, were not this attended to, there wonld 
be depoaitd of coal on one part of the famace, and free 
oxygen on others." In delivering a mixed current of air 
and coal-^ast tbroDgh a pipe, it was discovered by Ur. 
Cmcpton that, at times, slthongh an abeoluto miztnre 
entered the pipes, conveying the coal and the air to the 
foiuace, yet, under certain circomstancoB, the materials 
became separated, — more particularly ^vhen they had to pass 
bemis — the con! beiug carried, by 




Rg 140.--CTunptoti'A Povdend Fuel Fnniace. 

mentotn, to the outer part of the interior of the bend, ■ 
being thus led to Issae &om the pipe into the furnace, t 
cloEe Btieam, unmixed with air. To compensate for i 
tendency to separate, Mr. Crampton, in his expcrimeDl 
with fixed comb a sti on 'Chambers, Fig. 140, introduced t 
mixed currents by several inlets, inclined downwards 
to strike the floor of the chamber, and to impinge upon a 
other. The air and the fuel, playing over the fioor, becafl 
re-admixed, and were at once carried over the bridge ii 
the heating chamber. 

The coal was reduced to powder sufficiently fine to pi 
throngh a SO-sieve, at a cost, for labour, of Grf. per 
including all charges. Is. per ton. The air-current was pi 
IjiDed by a fan-blast 
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In the application of the new system to paddling fnmaces, 
at the Boyal Gun Factories, Woolwich, Mr. Orampton con- 
Htmoted the fnrnace, shown in Fig. 141, in two oompartmenta, 
a combustion- chamber A, and a pnddling chamber B, opening 
into each other. It is not the purpose of the antbor to enter 
into details of construction. Suffice it to add, that the 
furnace was cylindrical and rotary, and that it was kept 
cool externally by a water-jacket ; that the air was injected 
into the chamber A by an annular jet C, shown in section, 




Fi8>. 141. 



KtvolYiDg PuddLcg 



into which the coal-dust was continuously delivered, and which 
drew the dnst with it into the chamber. The annular current 
was inclined outwards, and in expanding conically, it struck 
the chamber on all sides ; then, converging, it entered and 
passed throngh the puddling chamber, and thence to the 
chimney D. 

The temperature which could be produced in this furnace 
was so high that wrought iron was melted in it without 
difficulty: 60 lbs. of wrought iron could be melted in S^ hours. 
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Mr. Crampton stated tliat, in sach a furcace, scrap- 
cmild be raised to b. W6lding-heat> with the consumji 
tion of from 5 cwt. to G cwt. of coal ; whilst, from a subn 
quonl report, it appeared that for paddling, from 17 owt. i 
20 cwt. of cool WBB conanmed per ton of puddled bar. 
^^^Mr, Crampton Bubfieqncntlj made hia revolving furnace 




liDEle 



a eingle chamber, a, Fig 142 i feet 6 inehes m diamete 
made to revolve at a speed not exceeding 15 turns p 
minute. The mixed current from the pipe s la deliver 
across the flue-pieco o mto the puddling chamber a wha 
combustion is completed That the current maj be deiivew 
in a elate of uniform mixture, the bend of the delivery- pipe 
divided longitudinally by diaphragms, hb shown, which divi 
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rrent into Bbeets, and keep together the componenta of 
jheet. The prodaets of combustion wind their way out 
e chimney d. The effect of the substitution of a single 
a which the combustion should be effected in COU' 
irith the work, for the doable chamber already noticed, 
Mr. Crampton reports,* most satisfactory. He 
' foncd tbat it did not bave any injurious effect, and that a 
more intense beat was produced, with a considerably less 
conBumption of faol. Brickwork was eliminated from the 
conBtmction of the furnace ; the lining consisted exclusively 
of fettling. With 6J cwt, charges of cold pig-iron, working 
night and day, the puddled bar was produced by a consump- 
tion of 14 cwt. of coal per ton of bar. Twenty tons of puddled 
iron was produced at the rate of S cwt. per hour, or 6 tons 
for 24 bours. According to the results of another series of 
trials, when the charges of pig were varied from 5 cwt. to 
10 cwt., the coal consumed per ton of puddled bar amounted 
to Hi cwt., and it was concluded tbat the furnace waa 
capable of turning out 5 tons of puddled bloom, with large 
charges, per shift of 12 bours, with a consumption of 10 cwt. 
of coal per ton. The quaUty of tbe iron produced, it may be 
added, has been generally acknowledged to be superior, both 
in pnrity and in strength. 

Tbe comparative results of Mr. Crarapton'sexperimentawith 
the double chamber and the single chamber, are conclnsive 
as evidence of the first-rate importance of bringing the heat of 
oombustion to bear by close and direct action upon tbe Bub- 
ject treated, for producing the greatest degree of efficiency. 

Tbe resnlta arrived at by Mr. Crampton were corroborated 
by the results of the observations of M. Lavalley, recorded 
in a paper on the Crampton furnace, read by him at tbe 
Institution of Civil Engineers in France, in 1875. t He 
• Bae Mr. Crampton'Bpsper "On Crampton' a Revolving Furnace and 
iia'Piod.ucta,"iatheJattrnalftf thi Iron and Steel IaitiluU,lSTl:page&9l. 
f " MSmoiraa at Conipte Kendu da la Societe dea iDgSnieiira CSvila, 
1S75; " page 266. 
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as the result of long and nnmeroua trials 
Dbarging cold pig-iron, the coasamption of 
oed (100 kilogrommoB per tonne, or 12 cwt. 
produced ; and that this consumption conld 
insiderably dimioiahed, if the iron wore charged already 
melted, or if the waste heat was utilised for heating ap the 
pig on u dandy. The following are the chief results of M, 
Lavalloy'B obsen'ations : — 

112 charges of cold pig-iron, 1,097 owt., or 9'80 owt. pa 
charge. 

181 1 honrs, or 1 hour 28 mintttes per charge. 
1,801 cwt. of iron produced, being 204 cwt. or 18- 
cent, ill excess of the weight of charges, derived from 
fettling. 

1,057 cwt. of fettling consumed, of which the iron 
dnced from it constituted about 20 per cent. 

791 owt. of coal consumed, or 12'2 cwt. per ton of il 
produced, 

EiirLoYMENT Of PowDEREn Fuel is Steam Boilers, 
Ur. Crampton stated, in bis first paper, that he had made y 
experiment with powdered coal as fuel in a large m 
boiler, containing 1,600 square feet of beating surface. The 
tire'bars wore taken out, and the furnaces lined with brick- 
work. The combined current of air and coal was injected 
into the furnaces. During a trial which lasted 24 hours, the 
temperature in the smoke-box only varied within the narrow 
range of from SSO" to 400° Fahr. ; whilst, according to 
Mr. Crampton, the water was evaporated at the rate of from 
10 lbs. to 11 lbs. per pound of coal. " It ts impossible," he 
says, " to produce smoke, as the whole of the volatile matter 
is produced in the first instance. The consequence is that 
the uptake of the boilers can have no flame in them." 

MeBsrs. Whelpiey nnd Storer devised a system of bnrning 
powdered coal. The lump coal is first reduced to the state 



r 
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cr impalpEtble powder; it is then fed, together with 
through B, condnit, troiu which it is drawn by a fan and di» 
charged into the front of the furnace Uirongh an air 
aperture. In 1876, the system was tried by Mr. Isherwood, 
for the American Governntent, under an externally fixed 
cyliudricKl boiler, iO inchea in diameter and 10 feet long^ 
with flut ends, having 74 flno-tubes 2^ inches in diameter, fe 
the return draft. The draft was eoatinoed ronnd the sidefl 
of the boUer, and the heating surface amounted to 412 square 
feet. The air for combnstion was dehvered into the closed 
ash-pit through a 5-iuch vertical pipe. The powdered boa 
was delivered throngh a 2-inch horizontal pipe. The boilai 
was tried with powdered anthracite, on the new system, aai 
nith lump anthracite burned on an ordinary grate. A hridi 
arch which was used with the dost-fuel, was removed to maks 
n'ay for the trial with lump-fael, making an addition of 
15 equore faet of heating surface. Otherwise, the boiler re- 
mained in the same condition. The results, taken generally, of 
comparative trials, showed that seiui-bituminous coal gave the 
same ecouoniic evaporation, whether it was consumed wholly 
in the lump state, or partly in lump and partly pulverisei' 
or wholly pulverised. DistinguiKhing these three oonditioni 
as 1, 2, 8: — n.) (a,3,) 

Coal per square foot of grate per hoiir . . ll'U 11'36 

Water evaporated per lb. of the combaErtible pot- 1 , « i oi i n i qo 

tionofthecoalfromBndat 2iaFair. j lU^tK* i" ""K 

, TempBratuie of Gaaea on leaving the boiler . 3a3-3''F. 381-8° F.. 

Here, no economy has been effected by the substitation ol 
powdered fnel. It is probable that much of the coal-dusi 
escaped uneonsumed, as appears to have happened in 1868 and 
1869 at Boston, in the course of experiments with powdered 
anthracite, when, it is recorded, pure carbon, to the amount 
of 38 per cent, of the fuel administered, was gradually 
accumulated in the furnace. The precipitation of this largS 
percentage of carbon points to the incompleteness of thft 
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luistore, and the want of time for completiDg tbe combuation 
of the residual coke-particles which remained to be bumed, 
after the volatile portions of the fuel were buroed off is 1 
flame. I 

A eyatem of burning coal-dnst for generating steam, intro- ^ 
daoed by Mr. G. K. Btevenson, of Valparaiso, was applied 
experimenUUy to a Corniali boiler, in Blackfriars, whore it 
was at work in 1877. The boiler, Figs. 143, 144, waa one of 
two, precisely alike, placed side by side : 5 feet 6 iaches in 
diameter, and 28 feet 8 inches long, with a &re-tube 3 feet 
6 inches in diameter. A fire-clay retort, 6 feet long. A, waa 
' pUoed within the fire-tabo : it was mimoroasly perforate4 ■ 




Fig, lU.— BUveuMD'a Cgki-Dtut Fumtuc, siiptied 

with i-inch holes. The fuel was not finely pulverised, it 
waa like acoarse powder. The air and the powder together, 
in measured ijuantitiea proportioned automatically, were 
driven together through the brick pipe B, into the retort, 
and there inflamed. A few fire-bricks placed in the flue, 
behind the bridge, acted as a bridge. From the results of 
comparative experiments, ''^ it appears that, under tbi 
circumstances , the boiler evaporated 8'3 lbs. of water per 
pound of powdered coiil, against 6'S lbs. per pound of lump 
coal. It id remarkable that the quantity of air delivered tof 
cbtubnstion, per pound of powdered fuel, was just 12 lbs, 

■ * Ii«poned in Tht Engineer, Mh}- IS, 1677 ; paso 336. 
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or ex&ctlj Bncb ae was chemically couBDmed in affecting 
complete combnetios. Yet, it is said, no smoke was pro- 
duced. 

It may be gathered from the foregoing experimental reaolta 




with eteam-h oilers, that a non-condacting retort or eqcloBare 
waB ueceBeary for effecting the proper mixtnre of the coal 
and the air, and completing the combnation of the powdered 
fnel. 
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Rues of boilera, temperature fl 
30, 64, 98 ^ 

Flues, multitubular. (See ifvofj 
.?»r><-,:.) 

Flues, split, 132 

Foruing the flio, 144 

French boiler, application of j 
fnmace to, 286 i 

Fuels : — chemicBl composilaDil 
229 ; air conaumed in C 
combustion, 230 ; quantit 
the gHBoouB products kE com 
tion, 230; hottt evolyed, i 
temperature of combnati, 
232; coal, 233; compoaititM 
Biitiah coals, 234 ; combua^ 
of codi, 236 ; coke, 260 ; lij 
asphalte, and wood, S6S ; 
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—coal, 292 ; coke and 
chaxcoal, 293 ; peat, 294 

., Fuel, economy of, 189 

tFuel, powdered, 379; firet advo- 
I cated liy John Bonme, 379 ; 

'I T. R. Crarapton'a ejperi- 
menta, 379; hia powdered-fuol 
furnace, 380 ; bis revolving 
puddling furnace, 381, 382; 
Lavalley'B expeiimenta, 383 

TJaed in steam-boilers, by Mr. 
GramptoD, 384; by Whelpley 
and Stoier, 3B1 ; Mr. Isher- 
wood's eiperimenta, 386; O. 

. K. BtevenBon'a BvHteni, 388 

I Furnace;— gritte-bara, 30, 37; 
chamber, 36 ; air through 
orificea in tbe firo-plHco, 60 ; 
TariouB arrangemontB ot fur- 
naceB, 63; 0. W. ■WilliamH'a 
Aj^d furnace, 63, 69, 70, 71, 

72, 87, 88, 92, 239, 240, 24H ; 
I ordinary marine furnace, 66, 

73. 76, 87, 174 ; Parkoe'fl Bplit- 
brii%e, 66 ; split-bridge modi- 
fied, 67; split-bridge and air 

i' at tlie grate, 68 ; air at tbe 
Iffidgo, 68 ; air at tte bridge, 
and aniaU grate, 69 ; air-box at 
Tjridge, 72, 73, 74, 7fi ; per- 
forated plate at bridge, 77 ; 
furnace with supplementary 
grate, 78; hot-air expedient and 
split - bridge, 79 ; Cihanter'H 
furnace, 80; hot air Fit the 
bridge, 80, 81 ; tot air from 
the Stiea, 82 ; blast of xmoke 
and air, 83, 84 ; proper firing, 
88 ; improper firing, 89 ; Argand 
furmu^e in a locomotive builer, 
91, 92 ; HobBon'fl aystem, 177 ; 
Hobaon and Hoplnnson'a bjb- 
tem, 179 ; Btono/a aystem, 183 
FumaceB, Gafl. (See Sat 

Fkrnnftt.) 
Furnaces ;— Ivison's system, with 
steam jets, 238; Ciark'a, D. K„ 
aystem, with steam-inducted 
BiT-currents, 238 ; Combea^a 
experiments on 0. W. Wil- 
liams's furnace, 240; Fairbaim's 
experimenls on C. W. 'Wa. 
liams's furnace, 240 ; Btiker's 
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syatcm of undulated flues, with 
BCmi-Blliptical cbambeTB, 241 ; 
■Wickatoed'H esperimonta 
Baker's system, 241 ; Oom 
furnace, 241; step-grate, 242; 
Mjirsilly's obaorvations on tho 
Btcp-grate, 243 

(See Gas-fumacia and Iran 
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Gaa, manufacture of, application 
of giu< furnaces to, 282 

Cjaaeous portion of coal in 
furnace. {Bee Coal-gaa.) 

Gsa-fumaces : — gaa - fumaoa 
at Treveray, 45 ; function 
and operation, 277 ; * ' 
proposed by Ebelmen, 
Gorman on gaa-fuel, 278; Dr^ 
Siemens on tJie gazogene, 
279 ; manufacture (S gaa a^ 
Montrouil, 282; ga^-filTMB» 
for stearo-boilera, 286 ; decomi* 
position of fuel in the gaso* 
gene: coala, 292; coke, 293 ( 
charcoal, 293; peat, 294 J 
Boetiua heating furnace, 30S;. 
Bicheroux'a heating furnace^: 
309 ; Smith- CasBon's puddling, 
furnace, Z\5 ; Siemens regene- 
rative gas-furnace, 330; Pan- 
Bord gas-furnace with re- 
cuperator, 3o7 ; Gorman's heat- 
restoring gaa-fumaee, 371 

GdBOgenes, action of, 279 

OlaBS-worka at Seint-Qobin, Si&-! 
mens' regenerative furnace at>: 
346 ' 

Gorman, on the best method rf 
supplying air to ordinary foiw 
nacea, 241; on gaa-fuel, 278; 
his heat-restoring gaa-fumac^' 
372 ; performance at MoBsend 
iron works, 372 ; at Coatbridge,, 

Gfrate-bar surface, proportioofl 
of, 30 ; depth below eroi 
furnace, 37 

Grate, aupplemcntary, 69, 78 T 
Chanter's sj-atem, 80 



Ortut Brilain, XnAifta of, diBught 
111,138 

Grtat Lirtrpool, \miett oUtireix- 
latioii of water in, aad dum- 
bilitTof pUlM, 117; drought, 
ISO 

Green'* fuel-CMHiomiacr, ZSI 

Onn Fartorf, Roynl, ordinnry 
paddliog (iiTiucca at, c«iuump- 
tion of ftifi in, 298; Price'» 
retort puddling furnace at, 3IG 

HARTLEY rwJB. evaporative 
pnrfHTnuincn of, 174, 2tS; 
ovapoTBtive pownr of, 248 

Huwell on thn coDiparntivo ova- 
pontive peirfotmnnco ot wood 
and coal m loromotiveB, 267 

Head, J*rrniiiJi, oiporiniMils by, 
on tbo Ntntport fumocp, 312 

Htnd, John, on tho vvaporativo 
porfomuuico of rtraw and 
ootton-MAlkR, Hi 

Bent, total, of combustion of 
fuoli, m 

Hont(Hl air ;— at iKe hrid^ of ilii> 
furnace, BO, HI; its Biippused 
value, 147 

Heating power of gas flames, 4S 

Hunting BurfocB of boilera, B4 ; 
alisorbent power, Ufi, 122; 
durability Of the plate-surface, 
lie ; mult^tBbular flues of 
marine boilers, abjections to, 
96, S7, 139, 144, 168; multi- 
tubular flues of locomotive 
boilers, 13S; increase of ab- 
sorbing power, by conductor- 
pina, 164; corrugated plate- 
eurfate, 160 

Hindley Yard coal, evaporative 
performflnpe of. 2S0 

Hobsonaiid Uopkinaon' 8 furnace, 
reaulU of performance of, 176, 
IBO 

Hot air from the fliies for the 
furnace, 82 

Houldsworth'fl experiments on 
temperature in the Quea, 30 

Hydrogen, as a conetituont of 
coal, 7, 8 ; weight and bulk, 
tl; combustion of, 14; in- 
fluence of walflT generated 'by 



IBl; using compremcd _ 
1U2.202.;!U8; influence of hi| 
wind no draught, 193 ; usei 
slack BH fuel, 199 ; lupplyii 
healed nir, 200, 209 ; ocont "" 
by incroHBing the tempera! 
01 furnace, 204 ; obaem 
tempetature in furnaces, 20! 
dcfecU of the old pnddltl 
furnace, 213; proposed ns 
puddling furnace, 216; coB 
Htruetion of ordinarv irra * 
nocos, 29fi ; distnbutit 
heat generated, 267 ; utiliali 
waste heat of ordinary ira 
fumacra by generating s' 
301; utilising waste hei 
furnaces by heating the ■ 
304 ; Boetius hcatiag foma 
308; Bicberoui's heating fl 
nace, 311 ; the Newport pv 
dling fumaee, 31 1 ; the Ouh 
Dormoy puddling tumsoe, 311 

Smith -Caaaon'B gaa-f" 

31S; Price's retort 1^ ., „ 

316; Caddick and Mabery'a ! 
furnace, 32* ; Craropton'fl fur- 
nace, 326, 380; Siemena' re- 
genemtJTB goB-foinace, 330 ; 
Ponsard gas-furnace, with ro- 
cnperotor, 367 ; Gorman's heat- 
reatoring gas-fumBce, 371 
Iron, on the manufacture of, 213 
Ishetwood'H eiperimonta on pow- 
deted-tuel Sarmuxi for steam- 
boilers, 38fi 

JETS of air, combustion of 
gas with, 37 
Juki's's moving bars, 90 

KANE, Sir Eobert, and Dr. R. 
B. Brett, report on C. W. 
Williams's furnace, 49 ; their 
eiperimeDtB with coal, 61 ; 
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f, experiments by, on the 

•ative performance of 

70od, and peat in sta- 

f boilers, 270 

, his mode of gasifying 

74 

I the performance of the 

IS gas-furnace at Saint- 

, 346 



AND SUMMERS' plate- 
•ace boiler, 161, 164 
re boilers at "Wigan, 
ative performance of, 250 
, his experiments with 
ton's powdered-fuel fur- 
384 
analysis of coke gases, 

Qers of the, 145, 146 
265 

el : — petroleum, its com- 
Q, 274 ; evaporative per- 
ice, 275 

I and Manchester Rail- 
ilr. Dewrance's experi- 
on admitting air to fur- 
i divided streams, 59, 62 ; 
i furnace applied to a 
tive boiler, 91 
steam packet, boilers 

ve boilers. (See Boilers^ 
tive,) 

ves, coal burning in, 256 
:e, Armstrong, and 
dson, report of, on ex- 
ntal performance of a 
boiler, to the Steam 
ies Association, New- 
m-Tyne, 174, 245 

l, J. de, comparison of 

laces by, 311 

boilers. (See Boilers, 

•) 

if gas works at, employ- 

t gas-furnaces, 282 
and Eichelbrenner, 

ment of gas-furnaces by, 
manufacture of gas, 



VTEWPORT furnace, 311 







LEFIANTGAS. (See ^t-car- 
bur betted hydrogen.) 

PACHA, boiler of, with Lamb 
and Summers' plate-surface 
boilers, 161 

Parkes's split-bridge, 58,66, 67, 68 

Peat: — composition, weight, and 
bulk, 268 ; evaporative per- 
formance in stationary boUers 
at Abouchoff and Erith, 270 

Peclet on draught in flues, 125, 
132; on mechanical draught, 
134 ; on the heating power of 
tan, 272 

Pelegry on the comparative per- 
formance of the Ponsard and 
old furnaces, 364 

Petroleum, composition and eva- 
porative performance of, 274 

Piedbouf and Bisenius, puddling 
furnaces at their iron works, 
311 

Ponsard, analysis of gases in his 
gazogene, 294 ; on the economy 
of waste heat by generating 
steam, 301 

Ponsard gas-furnace, 357 ; super- 
heated gazogene, 359 ; the re- 
cuperator j 359 ; the laboratory, 
361 ; comparative performance 
of the Ponsard and old furnaces, 
364, 366; Ponsard furnace at 
Vieux - Cond6, 365 ; at San 
Giovanni, 367 ; at Pont Eveque, 
369 ; at Seraing, 369 ; gases 
generated, 369 

Price's retort puddling furnace at 
the Royal Gun Factory, 316; 
Mr. Whitham's experiments, 
322 

Priming in boilers, source of, 108 » 

Pyrometer, Houldsworth's, 32 

EEGENERATIVE stove, Sie- 
mens - Cowper, at Barrow 
works, 329 
Reynolds on coal burning in 

locomotives, 256 
Robson's furnace, results of per- 
formance of, 176, 178 
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Bauiid Okk Inm-voclui. otdinarf 
puddling fanucn at, Mnwumlh 
tioD of fual iu, SM: gBi»-|tTO- 
iatta »i. 316 

Bafl ViUUmi, britlel* ol, wltK 
(.160 



CAW-DUST u fuel, 312 

SoBwii*. T*i., on tho functioiu of 
IhagungoDo. 27H 

RicBuo*' KOuitstor, tOBlTna of 
mlcp B>Ra in, 193 

SiuiMai - Cot per regeneraliTe 
■torn (or UoBt-fuinaces, 329 

Ssmnna' tt RCimtivo gos-ful- 
OMfl. 331) ; I'roteasor Fkrndaf*! 
dcacriptiai), 3S0 : the gsiogene, 
aU; cliBrpiiig t}in jrazogene, 
138 : teropenttue in the gaio- 
gme, 840 ; regeneraton, 343 ; 
compositnnt of Grebriclui, 311 ; 
smeration aod distribution of 
heat, by M. Sraua, 316; beet 
diseDgaged by Uie complete 
coDTetsioD of Otti gaaea in tbe 
fumkoe, ii\ ; emplaymeiit of a 
j«t of atrimi SB a blower, 3£5 

Slack, use of, aa fuel foi iran- 
foriucea, 1S9 

8milh-CaaMti,gBS-tiiTiinceby,31a 

Smoke : — it cannot be burned, li, 
166; generation of it, 167; its 
compostJon, 168, 169, 171; 
cause of it, ITl, 1T3 ; weight of 
carbon in Hnoke, 172 

SouUi Lancssbire and CbeHbini 
coals, evaporative performaiice 
of, 250 

Split-bridgi, Mr. Patkes'a sjBteta, 
18, S8 

SpUUflneS, 133 

BtonlBy'B self-feeding appatatuB, 
SO 

Steam, itscompoaitioii, foTmaUon, 
H (See BgdrogcTi.) 

Steam-boi]era,giiB'furnacefor,2t<G 
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nace for 5teaia-1>9 
StoQHj's fnraace. If 
Straw, evaporalivo 

of. 273 



TAN, evBpor&tiv«: 
of, 272 
TemperHture in fli« 

TcaveTHj-, gaa-fum4 

TTRE, Dr., on tlifl, 



mental evidence, 9 

102,109; relation 

tu dniability of d 

ihuGraatLiperpM 

boilers, 139, 144 

Water-gas genenibl 

purposea by S. W 

compomtion of Q 

cost, 378 

West's report, 80, B 

Whelpley aod m 

of burning- pow^ 

SteBm-boilerf, 38t 

retort fnrnaoe, 33 
Williams, C. W., fail 
nace, 49, 63 to S2l 
performance of Si 
at NewcBsUe-oa* 
Bj-stem, 176, iSl; 
ties of atokera M 

Wise. Field, and A 
of burning petro^ 

Wood ; — eompofiitiifl 
bulk, 266; evM 



